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P R IN T E D  IN  H U N G A R Y  
A kadém iai N y o m d a , B udapest
FOREWORD
W ith  th e  p re sen t v o lu m e, th e  R ead e r receives ou r Jo u rn a l  in  a m odern ized  form . 
T he E d ito ria l B oard  has a tte m p te d  to  evolve th e  m o st com m only  accep ted  form s of p u b lica tion .
F o r th is  purpose , th e  n am e  of th e  jo u rn a l  has been sh o rten ed . In s te a d  of th e  fo rm erly  
used  A cta  V eterin aria  A cad em iae  S c ien tia ru m  H u n g aricae , in  th e  fu tu re  th e  jo u rn a l will be 
p u b lished  u n d e r th e  n am e  A cta  Veterinaria H ungarica  (A c ta  V et. H u n g .), th e re b y  m ak ing  
easie r i ts  c ita tio n .
Since in  th e  fu tu re  p a p e rs  will be p u b lish ed  exclusively  in  E ng lish , th e  subhead ings of 
C on ten ts will also be in d ic a te d  in  E nglish  a n d  n o t  in  L a tin .
T he f i r s t  page of th e  p a p e rs  will c o n ta in  th e  t itle  o f th e  p a p e r  a n d  th e  nam e(s) o f th e  
a u th o r(s ), follow ed by  th e  E n g lish  a b s tra c t a n d  th e  k eyw ords com m only  used  in th e  in te r ­
n a tio n a l sc ien tific  l ite ra tu re .
In s tru c tio n s  to  a u th o rs  (guidelines on m a n u sc rip t fo rm  a n d  s ty le ) will reg u la rly  a p p ea r 
on th e  inside  h ack  cover. In  o rd e r to  ra ise  th e  s ta n d a rd  of th e  p ap ers , th e y  w ill be  su b je c t to  
s tr ic te r  ju d g em e n t b y  re fe rees in  th e  fu tu re .
As reg ard s th e  c o n te n ts  o f th e  p ap ers , w e should  like  to  give a p ic tu re  o f v e te r in a ry  
resea rch  ac tiv ities  a sso c ia ted  w ith  in ten siv e  an im a l b reed ing . D u rin g  th e  la s t  decade, H u n g a ry  
h as ach ieved  g re a t p rogress in  th is  field . T his is  in d ic a te d  also b y  th e  fa c t  th a t ,  as reg ard s pe r 
c ap ita  m e a t p ro d u c tio n , H u n g a ry  belongs to  th e  v a n g u a rd  of th e  w orld . T he c o n tin u a tio n  of 
re sea rch  ac tiv itie s  in  th is  d irec tio n  deserves a tte n tio n .
In  o u r age, science keep s becom ing m o re  an d  m ore specialized , ra is in g  d ifficu lties fo r 
those  who w a n t to g e t g en era l in fo rm a tio n . T h ere fo re , we en d eav o u r to  reg u la rly  pu b lish  in 
o u r J o u rn a l  also h ig h -s ta n d a rd  review s a n d  su rv e y s  w ritte n  b y  th e  b e s t specialists.
T he Jo u rn a l p u b lishes m ain ly  H u n g a rian  resea rch  re su lts , b u t  p a p ers  o f foreign  resea rch  
w orkers w hich  f i t  in to  th e  scope of th e  J o u rn a l  are  also w elcom e. N a tu ra lly , on ly  orig ina l 
p ap ers  n o t pub lished , su b m itte d  or accep ted  fo r p u b lica tio n  elsew here can  be  ta k e n  in to  
considera tion .
P ap e rs  published  in  A c ta  V e te rin a ria  H u n g a rica  hav e  a  w ide p u b lic ity  since th e  J o u rn a l  
is covered  b y  all in te rn a tio n a l a b s tra c tin g  jo u rn a ls  a n d  cen tres . T h is p u b lic ity  is fac ilita ted  
b y  th e  fa c t th a t  one h u n d re d  re p rin ts  of each  p a p e r  are supp lied  free  o f charge.
W e hope th a t  A c ta  V e te rin a ria  H u n g a rica , w hich will a p p ea r in  an  u p -to -d a te  fo rm  
an d  w ith  co n ten ts  of h igher s ta n d a rd s , will f in d  o u r read e rs’ app ro v al.
B u d ap es t, M ay 1983 Já n o s  M észáros
E d ito r-in -C h ie f
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ISOLATION OF PORCINE PARVOVIRUS (PPV) 
FROM SWINE HERDS AFFECTED BY 
REPRODUCTIVE FAILURE, AND SEROLOGIC 
EVIDENCE OF INFECTION IN HUNGARIAN 
LARGE SWINE HERDS
E . M o c s á r i , 1 E . K u d r o n ,2 D . S z a l a y ,2 I ré n  H o r v á t h , 1 L. S z a b ó 2
a n d  L . T o p l a k 3;
C en tra l V e te rin a ry  I n s t i tu te ,1 1149 B u d ap est, T áb o rn o k  u . 2;
V e te rin a ry  In s t i tu te  of S z o m b a th e ly ,2 9700 S zo m b ath e ly , Z a n a ti  u . 7/a;
S ta te  F a rm  of Z alaegerszeg ,3 8999 Z alalövő, H u n g a ry
(R ece iv ed  M arch 4, 1983)
T he SM ED I sy n d ro m e was d iag n o sed  in  tw o large-scale fa rm s a n d  in  a  p r iv a te  s tock . 
T h e  clinical p ic tu re  w as ch aracterized  b y  s ti llb ir th , em bryonic  a n d  fe ta l  d e a th , m u m m ifica tio n  
a n d  in fe rtility , b u t  no  ab o rtio n  or p re m a tu re  delivery  occurred . P a r t ic u la r ly  l itte rs  o f  y o u n g , 
p rim ip aro u s sows w ere affected , while th o se  o f rep ea ted ly  b re d  sows rem a in ed  sym ptom less. 
In  tw o  large-scale fa rm s , th e  ra te  o f s t illb o rn  and  m u m m ified  fe tu ses w as 8.8 an d  5 .8 % , 
resp ec tiv e ly , o f th e  p ig le ts  bo rn  alive d u r in g  th e  period  of e x am in a tio n . In  9 an d  11 cases o u t 
o f 14 m um m ified  fe tu ses , PP V  a n tig e n  w as d em o n stra ted  b y  th e  h a em ag g lu tin a tio n  te s t  
a n d  b y  d irec t im m unofluorescence of c r y o s ta t  sections o f fe ta l tis su es , respec tive ly . P P V  was 
iso la ted  from  th e  o rg an s o f 9 fetuses in  sw ine k id n ey  an d  th y ro id  cell cu ltu res . T he iso la tes 
w ere id en tified  by  h a e m a g g lu tin a tio n -in h ib itio n  (H I) an d  f lu o re sce n t a n tib o d y  te s ts  a n d  b y  
e lec tro n  m icroscopic ex am in atio n . H I  a n tib o d y  to  P P V  w as fo u n d  in  th e  bo d y  flu id s o f all 
th e  s tillb o rn  pig lets d ied  in  la te  p re g n an c y  a n d  its  t it re  re ac h ed  o r  su rp assed  1 : 400 in  all 
b lood  se ra  collected fro m  dam s of a ffe c te d  lit te rs . The role o f o th e r  a g en ts  kno w n  to  be  asso­
c ia ted  w ith  rep ro d u c tiv e  disorders in  sw ine  w as ru led  ou t b y  a series o f la b o ra to ry  ex am in atio n s .
Serological screen ing  carried  o u t in  42 large-scale fa rm s b e tw ee n  1976 an d  1981 in d ic a te d  
a w ide d is tr ib u tio n  o f P P V  infection  in  th e  H u n g a rian  sw ine p o p u la tio n . T he average p e rce n t­
age of seroconverted  sw ine was 83 .5% . B o th  th e  incidence a n d  th e  t i t r e  o f P P V  H I  an tib o d ies  
w ere sig n ifican tly  h ig h er in  herds w ith  rep ro d u c tiv e  losses t h a n  in  th e  a p p a re n tly  h e a lth y  
ones: a ll th e  sera te s te d  from  5 a ffec ted  h e rd s  h a d  H I a n tib o d y  to  P P V , th e  g rea t m a jo r ity  
o f th e m  (95 .2% ) in  a t i t r e  of 1 : 1600 o r h ig h er. I t  is concluded  t h a t  P P V  p lays an  im p o r ta n t  
r ole in  th e  aetio logy  of rep ro d u c tiv e  d iso rd e rs  o f swine in  H u n g a ry .
K eyw ords. P o rc in e  p a rv o v iru s  in fec tion , sw ine, re p ro d u c tiv e  d iso rders, 
v iru s  iso la tion , sero logy .
N orm al dev e lo p m en t o f sw ine fe tu ses  can be d is tu rb e d  b y  v iru s  in fec tions. 
Som e o f th e  v iru se s , inc lud ing  h o g  cholera, fo o t-a n d -m o u th  disease an d  
A u jeszk y ’s disease v iru ses, cause ob v io u s clinical sy m p to m s an d  in  p re g n a n t 
sows th e  acu te  clin ical disease m a y  b e  accom panied  b y  a b o r tio n  an d  s tillb ir th . 
I n  c o n tra s t , a n u m b e r o f v iruses a re  know n to  p ro d u ce  em b ry o n ic  an d  fe ta l 
d e a th  b u t  do n o t cause  ab o rtio n  o r  p re m a tu re  d e livery . T hese  v iruses a p p e a r 
to  h a v e  generally  l i t t le  or no p a th o lo g ic a l effect on sw ine, in c lu d in g  p re g n a n t 
sow s, th u s  th e  re p ro d u c tiv e  d iso rders m a y  escape th e  a t te n t io n  o f sw ine b reeders. 
T h e  te rm  S M E D I syndrom e w as o rig in a lly  used  b y  D u n n e  e t al. (1965) to
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d e s ig n a te  s tillb ir th , m u m m ifica tio n , em bryon ic  d ea th  a n d  in fe r t i l i ty  caused 
b y  p o rc in e  en te ro v iru ses . Since th e n  i t  has been  show n th a t  v a rio u s  viruses 
a re  asso c ia ted  w ith  S M E D I sy n d ro m e, in c lud ing  a t te n u a te d  hog  cho lera  v irus 
(Y o u n g  e t a l., 1955), J a p a n e se  en cep h a litis  v iru s  (M atu m o to  e t  al., 1949; 
S h im izu  an d  K aw ak am i, 1949), Sendai v iru s  (Shim izu e t a l., 1954) an d  foot- 
-a n d -m o u th  disease v iru s  (M ickow itz, 1965), an d  th a t  th e  p o rc in e  p arvov irus 
(P P V ) has a m a jo r ro le  in  rep ro d u c tiv e  prob lem s of sw ine. C artw rig h t and 
H u c k  (1967) iso la ted  111 v iru s  s tra in s  from  sw ine herds w ith  rep ro d u c tiv e  
d iso rd e rs . N inety -s ix  o f  th e  iso la tes p ro v ed  to  be P P V . Iso la tio n  o f PPV  
fro m  sw ine herds w ith  re p ro d u c tiv e  p rob lem s has been re p o r te d  from  countries 
o f  sev e ra l co n tin en ts , n am e ly , th e  U n ited  S ta te s  (M engeling, 1972), J a p a n  
(M orim o to  et a l., 1972), A u s tra lia  (C oackley  an d  S m ith , 1972), th e  N etherlands 
(R o n d h u is  and  S tra v e r , 1972), S o u th  A frica (P in i. 1975) a n d  N ew  Zealand 
(H o rn e r  and  H u n te r , 1977).
In  H u n g ary , sero log ical su rv ey s h av e  suggested  a w ide  d is tr ib u tio n  of 
P P V  an d  its  rem ark ab le  ro le  in  th e  ae tio logy  o f rep ro d u c tiv e  p ro b lem s observed 
in  sw ine herds free o f  b rucellosis an d  lep tosp irosis (K u d ro n  an d  M ocsári, 
1979). A ttem p ts  to  iso la te  th e  v iru s , how ever, have  failed  u n til  recen tly .
T his p ap er is th e  f i r s t  re p o rt on th e  iso la tio n  of P P V  in  H u n g a ry , from  
sw ine  herds a ffec ted  b y  re p ro d u c tiv e  fa ilu re . R esu lts  o f sero log ica l screening 
o n  th e  incidence o f  P P V  in fec tio n  in  large  swine herds a re  also  p resen ted .
M aterials an d  m ethods
Specim ens. T he  specim ens were co llected  in tw o la rg e-sca le  farm s w ith  
265 a n d  161 b reed in g  sow s, re sp ec tiv e ly , an d  in a p r iv a te  b a c k y a rd  farm  of 
5 sow s. A to ta l  o f 31 fe tu ses  w ere ex am in ed : 14 m u m m ified  a n d  17 s tillbo rn  
o n es. E x am in a tio n  o f  tissu es  b y  d irec t im m unofluo rescence  a n d  v iru s  iso lation  
w as a tte m p te d  from  th e  m um m ified  fe tu ses. B ody flu ids a n d  tissu e  hom oge­
n a te s  o f fetuses d ied  a f te r  70 day s of g e s ta tio n  were te s te d  fo r P P V  haem agglu- 
t in a t io n  in h ib itin g  a n tib o d y . F o r th e  serological screening, 4080 blood  sam ples 
w ere  collected in  11 o f  th e  19 co un ties o f H u n g ary , in  42 la rg e  sw ine herds, 
d u r in g  a 6-year p e rio d  (1 9 7 6 —1981).
H aem agglutination ( H A )  test. H om ogenates of lungs, liv e r  an d  spleen of 
ea c h  fe tu s  were te s te d  fo r  H A  a c tiv ity  as described  by  Jo o  e t al. (1976), using 
g u in ea -p ig  e ry th ro c y te s . H om ogenates show ing H A  a c tiv i ty  w ere tre a te d  w ith  
2 0 %  (v/v) ch loroform  a n d  th e  H A  te s t  was rep ea ted . H A  a c t iv i ty  w as in h ib ited  
b y  a reference a n ti-P P V  serum  p re p a re d  in  ra b b its  w ith  th e  N A D L -2 reference 
s t r a in  of PPV  (M engeling an d  C utlip , 1975).
Im m unofluorescence ( I F ) .  T he  d irec t m ethod  was ap p lied . Sm all pieces 
o f  lungs and  sp leen  w ere em bedded  in  Cryoform ™  (D A M O N , IE C  D ivision,
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N eedham , USA). C ry o s ta t sections w ere fix ed  in  a m ix tu re  o f  1 p a r t  o f m e th an o l 
a n d  3 p a r ts  of ace to n e  fo r 10 m in a t  ro o m  te m p e ra tu re . T h e  a n ti-P P V  F IT C  
co n ju g a te  w as p re p a re d  from  th e  Ig G  frac tio n  o f th e  reference  a n ti-P P V  
serum  accord ing  to  th e  m ethod  o f C lark  an d  S h ep ard  (1963). S pecific ity  of 
th e  flu o rescen t a n tib o d y  reac tio n  w as con firm ed  in  each  case by  also re a c tin g  
c ry o s ta t  sections w ith  th e  m ix tu re  o f  F IT C  co n ju g a te  a n d  a n ti-P P V  serum .
V irus isolation a ttem pts. S eco n d ary  cu ltu res  o f p o rc in e  k id n ey  an d  th y ­
ro id  cells w ere used. T h e  iso la tion  p ro ced u re  rep o rted  b y  M engeling e t al. (1979) 
w as s lig h tly  m odified . N am ely , th e  seco n d ary  cu ltu re s  w ere p rep a red  24 h  
a f te r  th e  inocu lum  h a d  been  added  to  th e  n u tr ie n t m ed iu m  o f p rim ary  m ono- 
la y e r  cu ltu res . T he se c o n d a ry  c u ltu re s  w ere in c u b a te d  a t  37 °C for 7 days. 
T he cell-associated  v iru s  was re leased  b y  a few ra p id  freez in g -an d -th aw in g  
cycles, th e  cell deb ris  w ere rem oved  b y  cen trifu g a tio n  a n d  th e  s u p e rn a ta n t 
f lu id  was te s ted  for H A  a c tiv ity . S im u ltan eo u sly , coverslip  cu ltu res  p rep a red  
in  L eigh ton  tubes w ere in ocu la ted  a n d  su b seq u en tly  ex am in ed  b y  I F  12 to  
24, 48 an d  72 h p o st in o cu la tio n . C y to p a th ic  effect o f th e  iso la tes was s tu d ie d  
in  haem ato x y lin -eo sin  (H E ) sta in ed  coverslip  cu ltu res.
Electron microscopic ( E M )  exam ina tion . H om ogenates o f v iru s-in fec ted  
seco n d ary  porcine k id n e y  cells w ere cen trifu g ed  b y  100,000 X g for tw o h ours 
a t  4 °C. T he pelle t w as resuspended  in  one drop  o f d is tilled  w a te r, m o u n ted  
on fo rm w ar-coated  g rid s  an d  s ta in e d  w ith  2 %  p h o sp h o tu n g stic  acid . T he 
g rid s w ere exam ined  in  a Philips 201 CS elec tron  m icroscope o p era tin g  a t  an  
acce lera tio n  p o te n tia l o f  60 kV.
P P V  antigen. T h e  N A D L-2 re fe ren ce  s tra in  o f P P V  w as used. T he v iru s  
w as p ro p ag a ted  in  se c o n d a ry  porc ine  k id n ey  cells as described  above. T he 
an tig en  p re p a ra tio n  w as sim ilar to  th e  m ethod  o f Joo  e t al. (1975). I t  was 
s to red  in  sm all a liq u o ts  a t  —20 °C a n d  t i t r a te d  im m ed ia te ly  before use.
H aem agglu tina tion-inh ib ition  ( H I )  test. The s ta n d a rd  m eth o d  o f Joo  
e t al. (1976) was s lig h tly  m odified. H e a t- in a c tiv a te d  te s t  se ra  w ere d ilu ted  
1 : 25 an d  abso rbed  o n ly  w ith  a 10%  suspension  of g u inea-p ig  e ry th ro c y te s . 
T w ofold  d ilu tions w ere p rep a red  in  W H O  H A  p la te s  in  vo lum es o f 0.4 m l 
(1 : 50 to  1 : 51,200). As d ilu en t, bu ffe red  iso ton ic  saline (L in se rt e t ah , 1970) 
w as used  th ro u g h o u t. T h e  te s t  was p e rfo rm ed  w ith  4 H A  u n its  o f P P V  an tig en . 
T he m ix tu re s  of v iru s -se ru m  d ilu tions w ere in c u b a te d  a t  37 °C for 60 m in. 
A fte r  h av in g  added  th e  gu inea-pig  e ry th ro c y te s , th e  p la te s  w ere in c u b a te d  
a t  room  te m p e ra tu re  fo r  a n o th e r  60 m in  an d  th e  te s t  w as re a d . A ccording to  
p rev ious experience (Jo o  an d  Jo h n so n , 1976; V ann ier et a l., 1976), on ly  t i tre s  
o f  1 : 400 or h igher w ere considered  p o sitiv e . As H I  a n tib o d y  t i t r e ,  th e  h ig h est 
serum  d ilu tio n  was co nsidered  th a t  e n tire ly  p rev en ted  th e  H A .
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R esults
E m b ry o n ic  an d  fe ta l  d e a th  an d  re p ro d u c tiv e  p ro b lem s d o m in a ted  in  
each  fa rm . A bortion  a n d  p re m a tu re  de liv ery  d id  n o t occur, w hereas p o s t- te rm  
d e liv e ry  w as a f re q u e n t fin d in g . In  c e r ta in  l itte rs , besides a few  live-bo rn  
p ig le ts , fe tuses died a t  d iffe ren t tim es o f g esta tio n  a n d  m um m ified  fetuses 
w ere also delivered. T h e  size of m um m ified  fetuses w as b e tw een  8 cm  an d  
th e  size o f a m a tu re  fe tu s . T h e ir colour v a rie d  from  d a rk  b ro w n  to  th e  colour 
o f a h e a lth y  fetus. T he b o d y  m ass of liv e -b o rn  p ig lets w as g en era lly  subnorm al. 
M ilk p ro d u c tio n  of sow s w as u n d is tu rb e d , how ever, th e  suck ling  a c tiv ity  of 
th e  p ig le ts  was red u ced . P o s tn a ta l  losses w ere also u n u su a lly  h igh . T he sows, 
a n d  genera lly  th e  sw ine s to ck s, how ever, show ed clin ical sy m p to m s n e ith e r  
b efo re  th e  ap p earan ce  o f  re p ro d u c tiv e  losses, n o r in  th e  course  of th e ir  obser­
v a tio n . T he p ercen tag e  o f  sows th a t  h a d  fa iled  to  conceive w as h igh  (ap p ro x . 
4 5 % ) in  b o th  affec ted  la rg e  sw ine stocks. P rin c ip a lly , y o u n g  sows in  th e  f irs t  
o r second  g esta tion  w ere  a ffec ted , th e  o lder ones re m a in e d  sym ptom less. 
Som e d a ta  on th e  in c id en ce  of th e  co n d itio n  are show n in  T ab le  I .
Table I
D ata  on th e  course o f  disease in th ree  sw ine stocks w ith  rep ro d u c tiv e  failure
S to ck
N um ber of 
sows in  th e  
farm
N u m b e r  of 
a ffe c te d  sows
F arro w in g  d a ta
N u m b er o f 
m um m ified  
fetuses
N u m b er o f 
s tillb o rn  pigs
N u m b e r  o f 
l iv e -b o rn  pigs
N u m b e r of 
fetuses 
exam ined
A 265 10 52 29 17 7/11 +
в 161 13 40 32 46 4/3
c 5 2 13 18 — 3/3
T o ta l 431 25 105 79 63 14/17
+ =  N um ber o f m u m m ified  fe tuses/N um ber of fetuses died a t  d iffe ren t tim es of gesta tion
T he tissue h o m o g en a tes  of 9 o u t o f 14 m um m ified  fe tu ses  show ed H A  
activ ity . T he H A  t i tr e s  o f  th e  organs v a rie d  from  1 : 16 to  1 : 512. T he H A  
a c t iv i ty  was no t a ffe c ted  b y  chloroform  tre a tm e n t,  a n d  i t  could  specifically  
be in h ib ite d  w ith  th e  re fe rence  a n ti-P P V  serum .
P P Y  an tigen  w as d e m o n s tra te d  b y  I F  in  th e  o rgans o f  11 fe tuses (F ig . 1). 
T he specific reac tio n  w as b locked  w ith  a n ti-P P V  serum  in  all cases.
P P V  was iso la ted  fro m  th e  organs o f  th e  9 fe tu ses show ing  H A  a c tiv ity . 
T h e  cytopathic effect (C P E ) o f th e  iso la tes w as n o t c h a ra c te r is tic  an d  i t  becam e 
e v id e n t b o th  in  p o rc in e  k id n ey  an d  th y ro id  cell cu ltu re s  on ly  a fte r  tw o or 
th re e  b lind  passages. T h e  m ost co n sis ten t a lte ra tio n s  o f v iru s-in fec ted  cells 
su ch  as sh rinkage a n d  necrosis w ere s im ila r to  th e  d eg en era tiv e  changes th a t
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Fig. 1. C ryosta t section  of th e  lungs of a  m um m ified  fetus. F luo resc ing  P P V  antigen in  th e
a lveo lar cells. X 640
F ig. 2. IF  s ta in ing  of a porcine k id n ey  cell cu ltu re  18 h  a fte r in fec tion  w ith  one of th e  P P V  
isolates. V iral an tig en  is localized a lm o st exclusively  in  th e  nuclei o f in fec ted  cells. X 640
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o c cu rred  in un in fec ted  ag ed  cell cu ltu res . In  H E -s ta in ed  p re p a ra tio n s , how ever, 
c h a ra c te ris tic  C ow dry ty p e -A  in tra n u c le a r  inclusions w ere found .
All the  iso lates a g g lu tin a te d  gu in ea-p ig  e ry th ro cy te s  a n d  th e  an ti-P P V  
se ru m  inh ib ited  th e  H A  a c tiv ity . S ix a n d  th re e  iso lates show ed  H A  a c tiv ity  
in th e  firs t and  second  passage, re sp ec tiv e ly .
B y  I F  exam ina tion  o f  the cover slip  cultures, P P V  cou ld  be iden tified  in  
a ll cases in  th e  f irs t  passage . In  c u ltu re s  fixed  16 to  24 h  post-in o cu la tio n , 
d e fin ite  condensation  o f  v ira l an tigen  in  th e  nuclei was th e  m o st ch a rac te ris tic  
f in d in g  (Fig. 2); in la te r  stages o f in fec tio n , how ever, P P V  a n tig e n  was equally  
d e te c te d  in th e  nu c leu s an d  th e  cy to p la sm  of th e  in fec ted  cells.
T he electron m icroscopic exam ina tion  revealed  n a k e d  icosahed ra l v iru s 
p a r tic le s  w ith  an  av e ra g e  d iam ete r o f  20 to  22 nm  (F ig . 3), m a tch in g  p a rv o ­
v iru s  m orphology a n d  size.
Fetal P P V  H I  antibody  was fo u n d  in  th e  body flu id s  a n d  tissue hom o­
g e n a te s  of all th e  ex am in ed  17 s tillb o rn  p ig lets died a f te r  th e  70th  d ay  of 
g e s ta tio n . T heir t i t r e s  v a ried  b e tw een  1 : 16 and  1 : 128, m o stly  1 : 64 an d  
1 : 128 (in 13 fe tu ses, 76 .5% ).
H I  titres o f  74 blood sera co llected  in  th e  th ree  fa rm s fro m  dam s o f th e  
a ffec ted  litte rs  a re  sh o w n  in  Fig. 4. A ll th e  sera h ad  H I  a n tib o d y  in  a t i t r e  
o f  a t  least 1 : 400, th e  m a jo rity  of th e m  (67.6% ) in  a t i t r e  o f  1 : 1600 or h igher.
In  th e  th ree  fa rm s , th e  role o f  a n o th e r  know n a g e n t associa ted  w ith  
re p ro d u c tiv e  fa ilu re  in  sw ine (e.g. b ru ce llae , lep tosp ires a n d  A u jeszk y ’s disease 
v iru s )  was ru led  o u t b y  b acterio log ical, v iro logical an d  h isto log ica l exain ina-
F ig . 3. N aked v irus p a r tic le s  w ith  an  av erage  d iam ete r of 20 to  22 n m  in  th e  hom ogenate  o f 
^ a swine k idney  cell c u ltu re  in fected  w ith  one of th e  PP V  iso la tes . N eg ativ ely  s ta ined
p re p a ra tio n
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PPV HI antibody titres
F ig . 4. Percen tage  d is tr ib u tio n  of P P V  H I a n tib o d y  titre s  in groups o f sows w ith  re p ro d u c tiv e
failu re
PPV HI antibody titres
F ig . 5. P ercen tage  d is tr ib u tio n  of P P V  H I  a n tib o d y  titre s  in 1067 b lo o d  sera o rig ina ting  
from  5 herds a ffec ted  b y  rep ro d u c tiv e  d iso rders an d  from  13 a sy m p to m a tic  herds
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Table П
Incidence a n d  yearly d is trib u tio n  of P P Y  H I a n tib o d y  in 
42 la rg e  swine herds b e tw een  1976 and 1981
B lo o d  sam ples
Y ears










T o ta l 4080 83.5
tio n s  an d  also b y  sero log ica l ex am in a tio n  of blood sera  co llected  from  th e  
dam s o f affected  l i t te r s .
R esu lts  o f th e  serological screening fo r  the incidence a n d  yearly  d istribu­
tion  o f  P P V  H I  an tibody  a re  shown in  T a b le  I I .  All th e  h e rd s  exam ined  p ro v ed  
to  be in fec ted  b y  P P V . O u t of the  4080 b lood  sera te s te d , 3406 (83.5% ) h a d  
a P P V  H I  a n tib o d y  t i t r e  o f  1 : 400 o r h ig h e r.
Age of pigs
F ig • 6. D istrib u tio n  of P P Y  H I  an tibody  titre s  in  p igs of d iffe ren t ages in  a  large sw ine s tock
endem ically in fec te d  b y  PPV
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H I  t i t r e s  o f  se ra  from  5 h e rd s  a ffec ted  b y  re p ro d u c tiv e  fa ilu re  w ere  
co m p ared  to  th o se  o rig in a tin g  from  13 h e rd s  w ith o u t a  h is to ry  of r e p ro d u c ­
tiv e  losses (F ig . 5). In  th e  herds w ith  rep ro d u c tiv e  losses, H I  titre s  low er th a n  
1 : 400 w ere fo u n d  in  none o f th e  248 se ra  te s te d  a n d  on ly  2 (0.8% ) h a d  a  
t i t r e  o f  1 : 400. O n th e  c o n tra ry , in  819 sera  collected  in  ap p a ren tly  s y m p to m ­
less h e rd s  251 (30 .6% ) h ad  P P Y  t i tr e s  low er th a n  1 : 400 and 45 (5 .5 % ) a 
t i t r e  o f  1 : 400.
D istribu tion  o f  P P V  H I  antibody in  100 p ig s  o f  d ifferen t ages a n d  th e i r  
m ean  geom etric  t i t r e s  a re  p resen ted  in  F ig . 6. T he se ra  w ere collected in  a n  
en dem ically  in fec ted  fa rm  w ith  2000 p ro d u c tiv e  sow s.
D iscussion
D u rin g  th e  p a s t  few  years, re p ro d u c tiv e  fa ilu res  w ere  observed in  la rg e  
sw ine herds free o f  b rucellosis an d  lep tosp irosis . T h e  rep ro d u c tiv e  p ro b le m s  
w ere acco m p an ied  b y  em bryon ic  an d  fe ta l d ea th , m u m m ifica tio n  an d  in f e r ­
t i l i ty , how ever, iso la tio n , o r  IF  d e m o n s tra tio n , o f P P Y  fa iled .
N ow adays, th e re  is a g rea t d e m a n d  for p re g n a n t g ilts  raised in  f a rm s  
free o f brucellosis, lep tosp iro sis  an d  A u je szk y ’s disease v iru s  infection. B e s id e s , 
sw ine b reed ing  in  b a c k y a rd  farm s show s a co n tin u o u s  upw ard  tr e n d . T o  
m eet th e  d em an d s a n d  m ake th e  p ro d u c tio n  m ore p ro f ita b le , m ore g ilts  w e re  
se lec ted  from  th e  fa tte n in g  u n its  fo r b reed ing , an d  th e ir  f irs t m a tin g  w a s  
done a t  an  age e a rlie r  th a n  usual, a t  6 to  7 m o n ths o f  age. A t th is age, a  c o n ­
s id erab le  p a r t  (2 to  4 7 % ) of g ilts a re  s till  su scep tib le  to  P P V  infection  ( J o o  
an d  Jo h n so n , 1976). T h u s , em bryonic  a n d  fe ta l d e a th  a n d  rep roduc tive  lo sse s  
are  m ore fre q u e n tly  o bserved  in  th ese  an im als th a n  in  g ilts  b red  la te r , a f t e r  
7 to  8 m o n th s o f age, b y  th e  tim e  a c tiv e  im m u n ity  h a s  a lready  d ev e lo p ed  
in a lm o st all th e  p igs in  endem ically  in fec ted  farm s.
In  th e  tw o  la rge-sca le  farm s w h ere  P P V  was iso la te d , 3.8 and  8 .1 %  o f  
th e  sows show ed re p ro d u c tiv e  d iso rders a n d  th e  ra te  o f  s tillb o rn  and  m u m m i­
fied  fe tu ses w as 8.8 a n d  5 .8%  of th e  p ig le ts  bo rn  a live  d u rin g  the p e r io d  o f  
ex am in a tio n , re sp ec tiv e ly . T he d a ta  a re  com parab le  to  th o se  repo rted  f ro m  
ab ro ad . In  A u s tra lia , e .g ., GiUick (1977) fo u n d  a 9 .5%  in c id en ce  on the  a v e ra g e , 
in  3000 sows o f fo u r large-scale  fa rm s endem ically  in fe c te d  b y  PPV . T he r a t e  
of s tillb o rn  an d  m u m m ified  fetuses v a r ie d  in  each fa rm  from  tim e to  t im e  
betw een  0.2 an d  2 0 % .
In  th e  b a c k y a rd  fa rm , P P V  in fec tio n  was in tro d u c e d  b y  p reg n an t g i l ts  
p u rch ased  from  a la rge-scale  farm . O u t o f  th ree  ow n -b red  sows, two sh o w e d  
rep ro d u c tiv e  d iso rd ers , th e  th ird  an d  th e  tw o  p u rch ased  g ilts  rem ained s y m p ­
tom less, th e ir  l i t te r s  w ere norm al.
R esu lts  o f  sero logical screening h a v e  in d ica ted  a w ide d is trib u tio n  o f  
PPV  in H u n g a ria n  la rg e  sw ine herds. T h e  average  p e rcen tag e  of se ro co n v erted
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sw ine (83 .5% ) c o rre sp o n d s  to  th a t r e p o r te d  fo r  th e  swine p o p u la tio n  o f o th e r  
c o u n trie s  (Joo  an d  J o h n s o n , 1976). Y e a r ly  d is tr ib u tio n  o f se ro co n v erted  a n i­
m als w as sim ilar th ro u g h o u t  the e x a m in a tio n  period excep t fo r  th e  f irs t  y e a r  
(1976), w hen  te s tin g  o f  g ro u p s of an im als w a s  less selective, a n d  m ain ly  y o u n g  
an im a ls  w ere te s te d .
In  herds w ith  re p ro d u c tiv e  p ro b le m s, b o th  the  p e rc e n ta g e  o f serocon­
v e r te d  an im als an d  t h e  PPV  H I a n t ib o d y  titre s  were s ig n if ic a n tly  h igher 
(P  <  0.05) th a n  in  t h e  apparen tly  h e a l th y  ones. These fin d in g s  m ake i t  
h ig h ly  possible th a t  t h e  observed re p ro d u c tiv e  disorders h a v e  b een  associated  
w ith  P P V  even in  th o s e  farm s in w hich  t h e  iso lation  or I F  d e m o n s tra tio n  of 
P P V  failed .
R esu lts  o f th e  serological s tu d y  c a r r ie d  ou t in pigs o f  d iffe ren t ages 
ra ise d  in  an  e n d e m ic a lly  infected large  sw in e  herd  have show n  th a t  m ost o f 
th e  p igs becom e in fe c te d  after 4 m o n th s o f  age and  th e y  a re  s till suscep tib le  
u p  to , o r p a s t, th e  s ta g e  of sexual m a tu r i ty  (6 to  7 m on th s o f  age).
In  ad d itio n  to  c lin ica l and ep izo o tio lo g ica l s tu d ies , experience w as 
g a in ed  as to  th e  v iro lo g ica l diagnosis o f  P P V -induced  re p ro d u c tiv e  fa ilu re . 
R e su lts  o f d irec t H A  t e s t  w ith fetal t is s u e  hom ogenates co rresp o n d ed  to  th e  
re su lts  o f v iru s is o la tio n  a ttem p ts  an d , e x c e p t  tw o cases, a lso  to  those  o f I F  
te s t .  T he te s t  has b e e n  fo u n d  suitable fo r  q u ic k  d em o n stra tio n  o f  P P V  an tig en . 
D e m o n s tra tio n  of P P V  H I  antibody  in  b o d y  flu ids and  tissu e  h om ogenates o f 
im m u n o co m p e ten t fe tu se s  sim ilarly s u p p o r ts  th e  cau sa tiv e  ro le  of P P V  in  
re p ro d u c tiv e  d iso rd e rs .
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EXPERIMENTAL INFECTION OF CHICKEN 
EMBRYOS AND DAY-OLD CHICKS WITH 
A LENTOGENIC STRAIN OF NEWCASTLE 
DISEASE VIRUS
R .  G l á y i t s , F .  R á t z , E r z s é b e t  S a g h y , T .  F e h é r v á r i  an d  M a g d o ln a  M e d e r  
Ce n tra l V e te rin a ry  In s t i tu te ,  1149 B u d ap es t, T á b o rn o k  u. 2, H u n g ary  
(R eceived A u g u st 1, 1982)
F ifty  S P F  ch icken  em bryos w ere in fec ted  w ith  th e  s tra in  o f N ew castle disease v iru s 
(N D V ) on th e  6 th  d a y  (group  A), a n o th e r f if ty  on  th e  13 th  d a y  o f in cu b a tio n  (group B), and  
25 chicks o f th e  sam e co n tro lled  s tock  on  th e  2nd d ay  a f te r  h a tc h in g  (group  C). O f each group , 
th e  ap p ro p ria te  o rgans o f th ree  em bryos or chicks w ere ex am in ed  by  m orphological m eth o d s 
every  second d ay  a f te r  in fec tion . E arlie r  resu lts  o f th e  a u th o rs , o b ta in e d  in  stud ies on no rm al 
em bryos an d  chicks, w ere used  for com parison. T he presence  of th e  v irus in  em bryos an d  
chicks was d e m o n s tra ted  by  th e  h aem ag g lu tin a tio n  (H A ) a n d  im m unofluorescence ( IF )  te s ts  
an d  v irus iso lation .
Local in fil tra tio n  w ith  ly m p h o id  cells in  som e organs, ly m p h o b la s t p ro liferation  in  th e  
developing ly m p h o id  follicles, and  tissue  p lasm acy tosis in d ic a tiv e  o f hum oral im m une r e ­
sponse were show n to  occur on ly  a ro u n d  th e  tim e  of h a tc h in g  a n d  a fte r  hatch ing , irresp ec tiv e  
o f th e  tim e of in fec tion . P rio r to  th is  tim e , betw een  th e  6 th  a n d  10 th  d ay  of in cu b a tio n  (group  
A) on ly  signs of c irc u la to ry  d is tu rb an ce  were observed. B e tw een  th e  11 th  and  19 th  d a y  of 
in cu b a tio n  (groups A an d  B), en h anced  granulocy topoiesis w as seen in  th e  b u rsa  of F ab ric iu s 
an d  spleen, accom panied  by  a pseudoeosinophil g ran u lo cy tic  in te rs ti tia l  pneum onia  an d  d is­
tu rb an c es  in  th e  d ev elo p m en t o f  ly m p h o id  organs an d  tissues (d e lay ed  and  uneven  ly m p h o ­
cy te  colonization  in  th e  follicles o f th e  b u rsa  o f F ab ric iu s, d e g en e ra tio n  and  necrosis o f ly m ­
phocytes).
In  group  A, a  p a r t  o f th e  em bryos died be tw een  th e  3 rd  a n d  5 th  d ay , while in  g roup  В 
on th e  6 th  d ay , a f te r  in fec tio n . In  g roup  A, th e  d ev elopm en t o f em b ry o s was m arked ly  re ta rd e d , 
an d  th is  was seen also a t  h a tch in g . T he h ighest a n tib o d y  titre s  w ere d em o n stra ted  in group  C.
K eyw ords. E x p e rim e n ta l in fec tion , ch icken  em bryos, p a th o lo g ica l 
s tu d ies .
In  p rev ious s tu d ies  (G láv its  e t al., 1982) we d e m o n s tra te d  g ran u lo cy to ­
poiesis in  th e  in te rs tic e s  o f th e  b u rsa  o f F ab ric iu s  o f ch icken  em bryos from  
th e  10th  d ay  o f in c u b a tio n  on. S im u ltan eo u sly  w ith  th e  co lon iza tion  o f ly m p h o ­
cy tes  in  th e  develop ing  ly m p h o id  follicles, g ran u lo cy to p o iesis  g rad u a lly  falls 
in to  th e  b a ck g ro u n d , a n d  ceases com plete ly  a ro u n d  h a tch in g . In  th e  p re se n t 
w ork, we s tu d ie d  th e  effect of a v ira l in fec tion  on th e  m yelo id  an d  ly m p h a tic  
sy stem  o f ch icken  em bryos an d  day-o ld  chicks in  d iffe re n t stages of in cu b a tio n  
an d  a f te r  h a tch in g . In  ad d itio n  to  th is , th e  ty p e s  o f ce llu lar reac tio n s, th e  
d ev e lo p m en t o f im m u n e  responsiveness an d  th e  c h a ra c te ris tic s  o f pa th o lo g ica l 
lesions w ere s tu d ie d  in  ch icken  em bryos, w ith  re g a rd  to  the  develo p m en ta l 
s ta tu s  of these  o rg an  system s.
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M aterials an d  m ethods
A  to ta l  of 120 d w a rf  L eghorn  ch ick en  em bryos an d  50 ch icks derived  
fro m  co n tro lled  (S P F ) s tocks w ere u sed  in  th e  ex p erim en ts . T h e  eggs w ere 
in c u b a te d  in  R agus 60 la b o ra to ry  in c u b a to rs .
In fec tion . F if ty  em b ry o s each  w ere in o cu la ted  in to  th e  a lla n to ic  sac w ith  
100 E ID  (em bryo  in fec tiv e  dose) o f th e  N ew castle  disease v iru s  s tra in  B2 on 
th e  6 th  (group  A) or 1 3 th  (g roup  B) d a y  o f  in cu b a tio n . The in o cu la tio n  vo lum e 
w as 0.1 m l. T w en ty -fiv e  one-day-o ld  ch icks (group C) w ere in fe c te d  th ro u g h  
th e  aerogen ic  ro u te  w ith  m a te ria l o f th e  sam e d ilu tion . E v e ry  second  d a y  a fte r  
in fe c tio n , tw o em bryos each  of g roups A an d  В w ere su b jec ted  to  gross p a th o ­
lo g ica l an d  h isto log ical ex am in a tio n , w hile  one em bryo  o f each  g roup  was 
u sed  fo r e lectron-m icroscopic  and  v iro log ical ex am in a tio n s. T h e  em bryos 
fo u n d  dead  a t cand ling  p erfo rm ed  tw ice  daily  w ere exam ined  h is to log ica lly  
a n d  u sed  fo r b ac te rio log ica l, m yco log ical an d  viro logical ex am in a tio n s .
F ro m  h a tch ed  ch icks belonging  to  g roup  A an d  B , an d  also from  those  
o f g ro u p  C, sam ples fo r th e  above e x am in a tio n s  w ere ta k e n  on th e  1st, 2nd , 
5 th  a n d  10th  days a f te r  h a tc h in g , as described  earlie r (G láv its e t  a l., 1982). 
In  th e  ev a lu a tio n  o f th e  ex p e rim en t, in  ad d itio n  to  u n in fected  c o n tro l em bryos 
an d  ch ick s, th e  re su lts  o f o u r p rev io u s w ork  w ere used  for com p ariso n  (G lávits 
e t a l., 1982).
Histological and electron-microscopic exam inations. T hese, to o , w ere p e r­
fo rm e d  as described p rev io u sly  (G láv its  e t a l., 1982), w ith  th e  ex cep tio n  th a t  
also  lu n g  sam ples w ere ta k e n  for e lec tro n  m icroscopy.
Virological exam ina tions. T he  v iru s  co n te n t o f th e  a lla n to ic  flu id  of 
in fe c te d  em bryos w as d e te rm in ed  b y  th e  haem  ag g lu tin a tio n  (H A ) te s t .  Sec­
tio n s  p rep a red  from  th e  tra c h e a l m u co sa  o f em bryos in  th e  la te  p h ase  of 
in c u b a tio n  and from  th a t  o f th e  sp ray -in fec ted  day-o ld  chicks w ere exam ined  
b y  d ire c t im m unofluorescence  (IF ) . V irus iso lation  w as a t te m p te d  from  
e m b ry o n a te d  eggs. Specific serum  a n tib o d y  titre s  o f 4 su rv iv e d  chicks of 
b o th  g ro u p s A an d  B , an d  o f 15 ch icks o f g roup  C, w ere d e te rm in e d  b y  th e  
h a e m a g g lu tin a tio n -in h ib itio n  (H I) te s t  a t  10 days of age.
R esu lts
T h e  presence o f th e  v iru s  s tra in  u sed  for in fec tion  in  th e  a llan to ic  flu id  
o f  k illed  or died em bryos o f b o th  g ro u p s A an d  В w as d e m o n s tra te d  b y  th e  
H A  te s t  up  to  th e  18 th  d ay  of in c u b a tio n .
S u b seq u en tly , th e  v iru s  w as d e te c te d  b y  th e  I F  m eth o d  o r v iru s  iso la ­
t io n  on  p o s t-h a tch in g  d ays 1 an d  2 in  g roup  A, and  even on d a y  5 in  g roup  B. 
F ro m  chicks belonging  to  g roup  C, v iru s  iso la tion  w as successfu l from  th e
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4 8 th  h  up  to  th e  5 th  d ay  p o stin fec tio n , b u t  in  organ  sam ples ta k e n  on th e  
1 0 th  d ay  p o stin fec tio n  th e  presence o f  v iru s  could be d e m o n s tra te d  n e ith e r  
b y  v iru s  iso la tio n  n o r b y  an y  o th e r  m e th o d .
In  o rgans o f em bryos belonging  to  group A ,  an d  k illed  or d ied  b e tw een  
th e  6 th  a n d  1 0 th  d a y  of in cu b a tio n , m in o r haem orrhages an d , in  som e p laces, 
oedem a w ere observ ed , as com pared  w ith  th e  con tro ls . B etw een  th e  1 2 th  
an d  16 th  d a y  o f in cu b a tio n , th e  lungs o f all in fec ted  em bryos w ere fo u n d  to  
co n ta in  m ore or less h e te ro p h il g ran u lo cy te s  in th e  in te rs tic e s , p rim a rily  
a ro u n d  b lood  vessels (F igs 1 an d  2). S im ilar changes w ere occasionally  seen 
also in  o th e r  o rgans (liver, sp leen, k id n e y , g lan d u la r s to m ach  w all, in te s tin a l 
Avail, m y o ca rd iu m , m eninges, etc.) o f  som e em bryos. In  th e  em b ry o n a l m esen- 
ch y m a o f th e  develop ing  b u rsa  of F a b ric iu s , s till free o f lym p h o id  follicles, 
an d  in  th e  re tic u la r  tissu e  o f th e  sp leen , leu co cy te  form s rep re sen tin g  d iffe ren t 
s tages o f g ran u locy topo iesis  (m y e lo b lasts ,p ro m y e lo cy tes , m etam y elo cy tes) w ere 
p re se n t in  la rg e r  n u m b ers  an d  d en sity  th a n  in  th e  con tro ls . B etw een  th e  18 th  
an d  2 0 th  d ay  o f  in cu b a tio n , d is tu rb a n c e  o f th e  d ev e lo p m en t o f ly m p h o id  
tissu e  w as o b serv ed  in  th e  b u rsa  o f F a b ric iu s . T he ra te  o f ly m p h o cy te  co loni­
za tio n  in  th e  develop ing  follicles w as u n e v e n  an d  d iffered  from  th a t  o f th e  
co n tro l (F ig . 4). Sm all follicles consisting  exclusively  of re ticu lo cy tes  a n d  la rg e  
ones r ic h  in  ly m p h o cy te s  occurred  to g e th e r  an d  s im u ltan eo u sly  (F ig . 3), 
as opposed  to  th e  co n tro l. In  th e  m a jo r ity  o f  follicles re la tiv e ly  rich  in  ly m p h o ­
cy tes , p ro n o u n ced  degenera tion  an d  necrosis w as observed  in  th e  co rtex . 
I n  th e  m e d u lla ry  su b stan ce , focal d eg en e ra tio n  an d  necrosis w as fo u n d  o n ly  
occasionally , an d  th ese  changes w ere lim ited  to  some g roups o f cells (F igs 3 
an d  5). In  th e  cy to p lasm  of m ucosal ep ith e lia l cells, p a ra n u c le a r  focal necrosis  
acco m p an ied  b y  th e  presence o f v ira l pa rtic le s  of helical sy m m e try  also
Fig. 1. D e ta il o f lung  fro m  a  13-day-old ch ick en  em b ry o  (group  A). G roups of g ran u lo cy te s  
are  seen perivascu larly . H aem ato x y lin -eo sin , appr. X 160
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F ig . 2. D e ta il o f lung  fro m  a 13-day-old ch icken  em b ry o  (group A). H e tero p h il g ran u lo cy tes
can  be observed  in th e  in te rs tice s . EM  x 6400
F ig . 3. D etail of b u rsa  o f  F ab ric iu s  from  a 18-day-o ld  chicken em bryo  (group A). As opposed  
to  th e  con tro l, in  in fec ted  em bryos th e  ra te  o f ly m p h o cy te  co lon ization  in  th e  follicles d iffers 
b e tw een  follicles. A rrow  p o in ts  to  d is in teg ra tio n  o f cells. H aem atoxy lin -eosin , ap p r. X l 6 0
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F ig. 4. D e ta il o f b u rsa  o f F abricius from  a 18-day-old  con tro l chicken em bryo. C olonization  o f 
ly m p h o cy tes  in  th e  follicles is un ifo rm . H aein a toxy lin -eosin , appr. X  160
Fig. 5. D e ta il o f b u rsa  o f F ab ric iu s from  a  18-day-old  ch icken  em bryo  (group  A). Zonal necrosis 
in  th e  cortex  of th e  follicle. EM  X6400
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F ig . 6. D eta il of b u rsa  o f F ab ric iu s  from  a  18 -day-o ld  ch icken  em bryo  (group  A). C ircum scribed 
p a ra n u c le a r  necrosis o f cy to p la sm  in  an  e p ith e lia l cell o f th e  m ucosa. T op r ig h t:  v ira l p a rtic le s  
in  th e  necro tic  area. EM  X 14,300; to p  r ig h t:  EM  X 106,000
F ig . 7. D etail o f lu n g  fro m  a 20-day-old ch ick en  em bryo  (group  A). In filtra tio n  w ith  m o n o ­
n u c le a r cells in th e  m ucosal m em brane o f a  m a jo r  re sp ira to ry  passage. H aem ato x y lin -eo sin ,
a p p r . X 160
o ccu rred  in som e p laces (Fig. 6). T h e  h isto log ica l p ic tu re  o f th e  th y m u s  w as 
s im ila r to  th a t  o f  th e  contro ls. In  th e  in te rs tic e s  of th e  lu n g  an d  in  th e  w alls 
o f  m a jo r re sp ira to ry  passages (F igs 7, 8 an d  9), an d  occasionally  a ro u n d  th e  
b lo o d  vessels an d  in  th e  connective tis su e  o f  o th e r  organs (liver, spleen, k id n ey ,
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Fig. 8. D etail o f lu n g  fro m  a 20-day-old chicken em b ry o  (group  A). P lasm a  cells in  th e  m ucosa  
of th e  re sp ira to ry  passage. The m ucosa is in f il t r a te d  w ith  in fla m m a to ry  cells. H aem a to x y lin -
eosin, ap p r. XlOOO
Fig. 9. D etail o f lu n g  fro m  a 20-day-old  chicken em b ry o  (group  A). P lasm a  cells in  th e  m ucosa  
of th e  re sp ira to ry  passage. T he m ucosa is in f il t r a te d  w ith  in fla m m a to ry  cells. EM  X 6400
g lan d u la r s to m ach  w all, in te s tin a l w all, h e a r t ,  c e n tra l nervous system ), m o n o ­
nu c lea r cells ( ly m p h o cy tes , ly m p h o b la s ts , h is tio cy te s  an d  p lasm a cells) w ere 
found  to  occur in  g roups or d ispersed . O n th e  10 th  d ay  a fte r  h a tch in g , ch icks 
of th is  g roup  show ed  h y p erp lasia  of ly m p h o id  tissues or o rgans (i.e. p resence  
o f m ore an d  la rg e r follicles rich  in  ly m p h o b la s ts  th a n  in  th e  con tro ls) a n d  
tissu e  p lasm acy to sis .
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F ig. 10. L o n g itu d in a l section  of chicken em bryos in  th e  p lane of th e  v e r te b ra l co lum n. A bove: 
co n tro l chicken em b ry o ; below : chicken em b ry o  in fec ted  w ith  B , v iru s on  th e  6 th  d a y  of 
in cu b a tio n . H aem ato x y lin -eo sin , n a tu ra l size
Fig. 11. D eta il of lung  from  a 5-day-old chick  (g ro u p  C). T he ep ith e liu m  of th e  b ro n ch ia l 
m ucosa show s cystic  d eg eneration  of v a ry in g  severity . EM  X 9600
Acta Veterinaria Hungarica 31, 1983
IN FECTIO N  OF C H IC K E N  EMBRYOS W IT H  LEN TO G EN IC NDV 25
days of incubation
Fig. 12. G row th  o f chicken em bryos in fec ted  w ith  B t v iru s ( ---------- co n tro l; ---------em b ry o s
infected  on 6 th  d a y  of in c u b a t io n ;-------em bryos in fec ted  on 13th d ay  of in cubation )
4
Fig. 13. M o rta lity  o f chicken em bryos in fec ted  w ith  B j v iru s (--------- m o rta lity  o f ch ick en
em bryos in fec ted  on  th e  6 th  d ay  of in c u b a t io n ;---------- m o rta lity  o f  chicken em bryos in fec ted
on th e  1 3 th  day  of in cu b a tio n )
T he av e rag e  bo d y  size o f em bryos belong ing  to  g roup  A (the  le n g th  o f 
tru n k  o f em bryos sectioned  lo n g itu d in a lly  in  th e  p lane  of th e  v e rte b ra l co lum n) 
was co n sid e rab ly  sm aller th a n  th a t  of g roup  В em bryos an d  con tro ls, u p  to  
th e  tim e  o f h a tc h -o u t (Figs 10 an d  12). T he tim e  an d  ra te  of m o r ta lity  a re  
in d ica ted  in  F ig . 13.
B ac terio log ica l and  m ycological e x am in a tio n  o f th e  yo lk  sac cav itie s , 
livers an d  of th e  liver and  b o n e  m arrow  o f h a tc h e d  chicks gave n e g a tiv e  
re su lts . In  th e  H I  te s t, group A  chicks b led  on th e  10 th  d a y  a fte r  h a tc h in g  
gave th e  low est m ean  titre s  (T able  I).
In  th e  second  h a lf  of in c u b a tio n , group В  em bryos show ed tissue changes 
sim ilar to  th o se  fo u n d  in group A  em bryos o f th e  sam e age. H ow ever, in  each  
o f group В em b ry o s, b ronchopneum on ia  also occurred .
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Table I
R esults of H I te s ts  in  chicken em bryos (g ro u p s A and B) and  day-o ld  chicks
(group C) in fec ted  w ith  B t virus
G roups A В C
1 : 2 1 : 8 1 : 2 1 : 8
1 : 2 1 : 2 1 : 16 1 : 16
1 : 2 n e g a tiv e 1 : 64 1 : 8
1 : 2 n eg ativ e 1 : 4 1 : 32
negative 1 : 16 1 : 8
1 : 8 1 : 4
1 : 32 1 : 2
1 : 8
M ean t it re 1 : 1.6 1 : 2.5 1 : 15.2
T he average b o d y  size o f group В em b ry o s did n o t differ s ig n ifican tly  
fro m  th a t  o f th e  co n tro ls . B acterio log ica l a n d  m ycological ex am in a tio n  o f th e  
y o lk  sac cav ities, livers an d  lungs, an d  o f  th e  liv er and  bone m arrow  o f h a tc h e d  
ch icks gave n eg a tiv e  re su lts  in  all cases. T h e  H I t i tre s  o b ta in e d  fo r g roup  В 
ch icks b led  on th e  10 th  d a y  a f te r  h a tc h -o u t o n ly  sligh tly  exceeded  th o se  found  
fo r g roup  A b irds.
T he changes o bserved  in  chicks o f group  C ( in filtra tio n  w ith  m ononuclear 
cells in  d ifferen t o rgans, p lasm acy tosis) w ere  sim ilar to  th o se  fo u n d  in  su rv iv ed  
ch icks o f g roups A  an d  В a fte r  h a tc h -o u t. I n  add ition  to  th ese , in  sev era l cases 
v a c u o la r  d eg enera tion  w as seen in  e p ith e lia l cells of th e  in f il tra te d  m ucosa 
o f  re sp ira to ry  passages (F ig . 11). On th e  o th e r  h an d , h y p erp lasia  of th e  follicles 
o f  ly m p h o id  organs an d  tissues w as n o t  accom pan ied  b y  n o ta b le  ly m p h o cy te
Г
0 6 21 day
t
incubation hatching
Fig. 14. Types o f cellu lar reac tions in  chicks a n d  chicken em bryos in fec ted  w ith  B t v iru s
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d eg en era tio n . No m o r ta l i ty  was o b se rv ed  in  th is  g roup . M ean H I  t i t re s  of 
g roup  C chicks b led  on  th e  10th  d a y  a f te r  h a tc h in g  s ig n ifican tly  exceeded  
tho se  fo u n d  for g ro u p  A and  group В chicks.
T h e  tim e  o f ap p e a ra n ce  o f v iru s -in d u c e d  ce llu la r an d  tissu e  reac tio n s 
an d  th e  change o f  th e i r  ch a rac ter in  em b ry o s a n d  chicks o f  th e  th re e  g roups 
are  i l lu s tra te d  in  a schem e (Fig. 14).
D iscussion
A ccording to  th e  p resen t re su lts , ch icken  em bryos an d  d ay -o ld  chicks 
o f d iffe ren t ages g av e  d iverse  responses to  in fec tio n  w ith  th e  B x v iru s s tra in . 
I n  the f i r s t  phase, u p  to  th e  10th d ay  o f  in c u b a tio n , th e  d e a th  o f in fec ted  em ­
b ry o s occurred  m o st f re q u e n tly  on th e  3 rd  d ay  po stin fec tio n . T he gross p a th o lo g ­
ical ex am in a tio n  rev ea led  oedem a a n d  h aem o rrh ag es in  d iffe ren t o rgans of 
th e  d ead  em bryos. T hese  lesions in d ic a te d  th a t  th e  ra p id  d e a th  o f y o ung  
em bryos could h av e  b een  due to  th e  B x v iru s-in d u ced  c ircu la to ry  d is tu rb an ces  
an d  dam ages in  th e  w alls of blood vessels. O f a ll ex p e rim en ta l g roups, th e  
m ean  values of specific  an tibody  t i t r e s  w ere low est in  th e  g roup  in fec ted  in 
th is  p h ase  of in c u b a tio n . The d ev e lo p m en t o f  in fec ted  an d  su rv iv ed  em bryos 
w as s ig n ifican tly  r e ta rd e d , as co m p ared  to  em bryos in fec ted  in  la te r  phases 
of d ev e lopm en t an d  to  controls.
I n  the second p h a se , in  em bryos ex am in ed  b e tw een  th e  10 th  an d  1 9 th  
d ay  o f in cu b a tio n , m o r ta l i ty  was h ig h e s t on th e  6 th  d ay  p o stin fec tio n , an d  
h e te ro p h il g ran u lo cy tic  in filtra tio n  w as o b served  in  som e organs o f th e  e x am ­
ined  em bryos. In  th e  o p in ion  of D e lan ey  an d  E b e r t  (1962), in  ch icken  em bryos 
th e  co lon iza tion  o f lym p h o cy tes  in th e  follicles o f  th e  b u rsa  of F ab ric iu s  is 
n o t com ple ted  b y  th e  1 1 th —19th d a y  o f  in c u b a tio n . A ccording to  Szenberg  
(1977) an d  our ow n o b serv a tio n s (G láv its  e t a l., 1982), in  th is  period  in ten siv e  
g ranu locy topo iesis  ta k e s  place in  th e  sp leen  a n d  b u rsa  o f F ab ric iu s  of th e  
em bryos. In  all p ro b a b ili ty , th is  p lay s a p a r t  in  th e  d eve lopm en t of h e te ro p h il 
g ran u lo cy tic  in f il tra tio n  due to  B x v iru s  in fec tio n  in  em bryos in fec ted  betw een  
th e  10 th  an d  19th  d a y  o f  incu b a tio n . I n  th e  second phase  o f in cu b a tio n , p a ra ­
n u c lea r  focal c y to p la sm  degenera tion  a n d  n ec ro tic  areas co n ta in in g  v ira l p a r ­
tic les w ere also d em o n strab le  in  m u co sa l ep ith e lia l cells of th e  re sp ira to ry  
t r a c t  an d  b u rsa  o f F a b ric iu s  of th e  em b ry o s. Bj^  v iru s  has a lread y  been re ­
p o rte d  to  cause d am ag e  in  lym pho id  tissu es  (T izard , 1977; an d  o thers). In  
em bryos exam ined  in  th e  second p h ase , m ean  a n tib o d y  ti tre s  w ere slig h tly  
h igher th a n  in em bryos exam ined  in  th e  f ir s t  p h ase . T he d ev e lopm en t of in fec ted  
b u t  su rv iv ed  em bryos d id  no t fall b eh in d  th a t  o f th e  con tro ls.
In  in d iv idua ls exam ined  be tw een  th e  19 th  d ay  o f in cu b a tio n  an d  th e  
10 th  d a y  a fte r h a tc h -o u t  ( third p h a se ) ,  m ean  ti t re s  o f specific an tibod ies
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s ig n if ic a n tly  exceeded th o se  o f  em bryos in fec ted  in  earlie r p h ases . A m ong 
ch ick s in fec ted  in  th e  th i r d  p h ase , n e ith e r  disease n o r m o rta lity  occu rred . 
T h e  h isto log ica l and  e lec tron -m icroscop ic  ex am in a tio n  show ed m ark ed  in f i l t r a ­
tio n  w ith  m ononuclear cells in  th e  o rgans o f em bryos, w hich w as th e  tissu e  
re sp o n se  to  th e  B3 v iru s  in fec tio n .
T h e  observa tions o f c e r ta in  a u th o rs  (F ir th , 1977; G lick, 1979) an d  ou r 
ow n ex p erim en ts  in d ica te  t h a t  in  ch icken  em bryos th e  n o rm al d ev e lo p m en t 
o f  p e r ip h e ra l lym phoid  o rg an s an d  tissu es , as well as th e  com plete  co lon iza tion  
o f ly m p h o cy te s  in th e  b u rsa  o f F ab ric iu s , are fin ish ed  b y  th e  1 9 th  d ay  of 
in c u b a tio n . T herefore, th e  w eak er effect o f B 3 v iru s  in fec tion  in  th ird -p h a se  
em b ry o s  m ay  be a t t r ib u te d  to  th e  m ore  ad v an ced  develo p m en ta l s ta tu s  o f 
ly m p h o id  organs.
T h e  developm ent o f  th e  im m u n e  responsiveness is in d ic a te d  b y  th e  
h y p e rp la s ia  observed in  ly m p h o id  o rgans. In  conclusion, ou r re su lts  show  
th a t  th e  hum oral im m u n e  responsiveness o f  ch icken  em bryos an d  d ay -o ld  
ch ick s to  B 3 v iru s and  th e  ty p e s  of pa tho lo g ica l lesions induced  a re  d e te rm in ed  
b y  th e  developm en ta l s ta tu s  o f th e  ly m p h a tic  and  m yeloid sy stem s a t  th e  
t im e  o f in fec tion . In  th e ir  ex p e rim en ts  w ith  d iffe ren t v iruses an d  o th e r  p a th o ­
gen ic  ag en ts  in  ch icken  em b ry o s an d  day -o ld  chicks, severa l a u th o rs  h a v e  
a r r iv e d  a t  th e  sam e conclusion  (W o o d ru ff an d  G o o dpastu re , 1931; K o prow sk i 
a n d  C ox, 1947; Loom is e t  a h , 1950; Scheidegger, 1953; C hute an d  Cole, 1954; 
L ove  a n d  R oca-G arcia, 1955; Casorso an d  Ju n g h e rr , 1959).
F in a lly , our o b se rv a tio n  th a t  in  ch icken  em bryos in fec ted  w ith  th e  B 2 
v iru s  s tr a in  in  an  ea rly  p h a se  o f  em bryon ic  deve lo p m en t, th e  d ev e lo p m en t o f 
o rg an s  o f  th e  im m une sy s te m  is im p a ired  an d  ta k e s  p lace a t  a slow er r a te , 
is re m a rk a b le . This is o f  g re a t p ra c tic a l s ign ificance, since la te r  on th e  d am ag ed  
im m u n e  system  m ay  h a v e  a n  ad v erse  in fluence  on th e  efficiency o f im m u n iz a ­
tio n s  a n d  on th e  o u tco m e o f p o s t-h a tc h in g  in fec tions.
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T h e  im m u n o -a d ju v a tin g  effect of Bordetella bronchiseptica  s tra in s  of d ifferen t origins 
was s tu d ied . The m ain  ta rg e t  o f the  e x p e rim e n t was to  f in d  an  im m unolog ical a d ju v a n t  
e x h ib itin g  a t  least as h ig h  degree  of im m u n o a d ju v a n cy  as B . p ertussis , w idely  applied  in h u m an  
im m u n iza tio n  p ractice  as w ell as in lab o ra to ry  tr ia ls . As te s t  an tig en , adso rb ed  te ta n u s  to x o id  
was ad m in iste red . U sing  th e  ac tiv e  m o u se -im m u n iza tio n -to x in  challenge te s t  for th e  d e te rm i­
n a tio n  o f ad ju v a tin g  p ro p e rtie s  of th e  in v es tig a te d  Bordetella s tra in s  we concluded th a t  (i) 
th e  m a jo r ity  o f the B . bronchiseptica  s tra ins s ig n ific a n tly  increased  th e  a n tig en ic ity  of adso rb ed  
te ta n u s  toxo id . D epending  on th e  applied a m o u n t o f th e  B . bronchiseptica  a d ju v a n ts , th e  
p ro te c tiv i ty  increased  1.5 — 3 tim es; (ii) on th e  b asis o f dose-dependency  an d  ad ju v a tin g  p ro ­
p e r ty  w e fa iled  to  f in d  a n y  d ifference betw een th e  a d ju v a tin g  m echanism  of th e  two Bordetella  
species.
K eyw ords. Bordetella bronchiseptica , im m u n o m o d u la tio n , te ta n u s  to x o id .
V accines o f m a n y  G ram -negative  b a c te r ia  g re a tly  en h an ce  th e  a n tib o d y  
p ro d u c tio n  to  u n re la te d  an tigens if  a d m in is te re d  to  an im als  or m an  a t th e  
sam e tim e . The b e s t-k n o w n  exam ple is th e  increased  p o te n c y  o f d ip h th e r ia  
an d  te ta n u s  toxo ids w h en  com bined w ith  p e rtu ss is  v accine . G reenberg  an d  
F lem ing  (1947, 1948) observed  th e  a d ju v a n t  effect o f Bordetella pertussis  
vaccine  on th e  response  to  d ip h th e ria  to x o id  in  gu inea-p igs, an d  F lem ing e t al. 
(1948) o b ta in ed  s im ila r re su lts  in  ch ild ren . L a te r  Bordetella parapertussis  w as 
p ro v ed  to  be an  im m uno log ica l a d ju v a n t o f  h igh  v a lu e , s im ila rly  to  B . p er­
tussis. T he  w hole-cell suspension  p re p a re d  from  B . parapertussis  e ffic ien tly  
enhances th e  im m u n e  response to  te ta n u s  tox o id  in  b o th  ex p erim en ta l 
an im als an d  h u m an s, am plifies th e  im m uno log ica l p o te n tia l, th u s  i t  can  
be used  effectively  fo r overcom ing  th e  lo w -in te n s ity  im m u n e  response, due to  
an tig en ic  com p e titio n . T h e  B . parapertussis  suspension  ex h ib its  th is  effect 
in d e p e n d e n tly  of be in g  ap p lied  alone o r a sso c ia ted  to  B . pertu ssis  suspension .
S ince th e  p ra c tic a l im plications o f  th is  p h enom enon  are  being used  in  
h u m a n  v acc ine  p ro d u c tio n  on a large sca le  (F a rag ó  an d  P u sz ta i, 1949; Jo ó  
an d  R é th y , 1957), we se t before us as a n  o b je c t to  in v e s tig a te  th e  possib ility  
o f ap p ly in g  Bordetellae as an tigenic  a d ju v a n ts  in  v e te r in a ry  p rac tice . In  th e
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p re s e n t experim en ts we a tte m p te d  to  d e te rm in e  w h e th e r B . bronchiseptica  
cau s in g  re sp ira to ry  d iso rd ers  in  sev era l an im al species can  be used  as an  
im m un o lo g ica l a d ju v a n t. T h e  effect o f in a c tiv a te d  B . bronchiseptica  su sp en ­
sions o f  d ifferen t origins on th e  im m u n e  response  to  te ta n u s  to x o id  was s tu d ie d .
Materials and methods
O rig in  o f  B . bronchiseptica
T h e e igh t B . bronchiseptica  s tra in s  w ere iso la ted  from  th e  n asa l cav ities 
o f  p ig s in  fou r herds a t  d iffe ren t lo ca tio n s. T he herds d id  n o t show  a p p a re n t 
c lin ica l sy m ptom s of a tro p h ic  rh in itis .
C ulture media applied  fo r  isolation
B . bronchiseptica w as iso la ted  b y  in o cu la tin g  n a sa l sw ab sam ples on 
m o d ified  M acC onkey’s a g a r  c o n ta in in g  1%  dex trose . A fte r  48 h  of in c u b a tio n  
a t  37 °C, B . bronchiseptica  ap p ea red  on  th is  m edium  as g rey ish -tan  colonies. 
T h e  id e n ti ty  of th e  b a c te r iu m  w as co n firm ed  b y  b iochem ical te s ts  as describ ed  
b y  P i t tm a n  (1974) in  B erg ey ’s M anual a n d  b y  tu b e  a g g lu tin a tio n  te s ts  w ith  
h y p e rim m u n e  an tise ra  p re p a re d  in  ra b b its  b y  seven in tra v e n o u s  in jec tio n s o f 
liv e  B . bronchiseptica. E ach  s tra in  w as k e p t  in  freeze-dried  fo rm  in  presence o f  
d e x tr a n  (MW 50,000), a n d  p ro p a g a te d  on  5 %  sheep b lood  agar.
P reparation  o f whole-cell suspensions
B . bronchiseptica cu ltu re s  in c u b a te d  a t  37 °C for 48 h  on 5 %  sheep  b lo o d  
a g a r  m ed ium  in P e tr i  d ishes w ere su sp en d ed  in  p h o sp h a te -b u ffe red  sa line  
(P B S ), an d  th e  suspensions o f e igh t s tra in s  w ere a d ju s te d  to  c o n cen tra tio n s  
o f  b o th  10 and  30 In te rn a tio n a l  O p ac ity  U n its  (IO U ) p e r  m l as co m p ared  
to  th e  In te rn a tio n a l O p ac ity  S ta n d a rd  issued b y  N a tio n a l In s t i tu te s  o f  
H e a lth  (N IH ). B e th esd a , M d., USA.
T he organism s w ere in a c tiv a te d  b y  th e  ad d itio n  o f 1 : 5000 M erth io la te .
B . pertussis  suspensions
As con tro l, in a c tiv a te d  B . pertu ssis  suspensions (d esigna ted  P E -1 , P E -2  
a n d  P E -3 ) were also ap p lied  on th e  basis  o f th e ir  IO U  c o n te n t. T he B . p ertu ssis  
su spensions, co n ta in in g  330 IO U  p e r m l, w ere p rep ared  b y  th e  V accine L a b o ­
r a to ry  of the  H U M A N  In s ti tu te .
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Tetanus toxoids
A d so rb ed  te ta n u s  to x o id  w as used  in  tw o  d iffe ren t form s: (i) as p u rif ie d  
te ta n u s  to x o id  ad so rb ed  on 4.5 m g o f a lu m in iu m  p h o sp h a te  p er m l (1 m g 
A h”  p e r m l), c o n ta in in g  10 B ind ing  U n its  (B U ) o f te ta n u s  to x o id ; (ii) n a t iv e  
ad so rb ed  te ta n u s  to x o id , used in  v e te r in a ry  p rac tice . In  th is  case a lu m in iu m  
h y d ro x id e  w as th e  ca rrie r, an d  10 B U  o f te ta n u s  to x o id  w as ad so rb ed  p e r  m l 
o f th e  f in a l vaccine.
E xperim en ta l procedure
T h e w hole-cell suspension  w as f irs t  in a c tiv a te d  w ith  M erth io la te , a d ju s te d  
to  th e  a p p ro p r ia te  IO U  v a lu e  (W H O ), asso c ia ted  w ith  th e  u n d ilu ted  ad so rb ed  
te ta n u s  to x o id , an d  tw ofo ld  seria l d ilu tio n s o f  th e  con tro l tox o id  an d  to x o id  -f- 
a d ju v a n t m ix tu re  w ere m ade.
E a c h  d ilu tio n  w as used  fo r su b cu tan eo u s  im m u n iza tio n  o f 16 a lb ino  
m ice w eigh ing  18 g each . T he im m u n iz in g  dose was 0.5 m l p er m ouse in  each  
case.
T h e  im m unized  an im als w ere challenged  w ith  10 M inim al L e th a l D ose 
(M LD) te ta n u s  to x in  on  th e  21st d a y  fo llow ing im m u n iza tio n . The p ro p o rtio n  
o f an im als  d ied  w ith  specific sy m p to m s w as reg istered  during  a f iv e -d a y  
o b se rv a tio n  period .
S u b seq u en tly , th e  50%  effective doses (E D 50) a n d  th e  v ir tu a l p ro te c tiv e  
effect (in In te rn a tio n a l  Im m u n iz in g  U n its  (IIU ))  o f th e  im m unizing  m ix tu re  
or m o n o v a len t te ta n u s  to x o id , as co m p ared  to  th a t  o f th e  In te rn a tio n a l 
S ta n d a rd  T e ta n u s  T oxo id , w ere c a lcu la ted  (H egedűs an d  R é th y , 1967).
Results
T h e re su lts  are su m m arized  in  T ab le  I .  T he d a ta  show  th a t  w hole-cell 
suspensions p rep a red  from  b o th  in a c tiv a te d  B . pertussis  an d  B . bronchiseptica  
have  an  im m unolog ica l a d ju v a n t effect o f h ig h  degree in  case o f jo in t a p p lic a ­
tio n  w ith  te ta n u s  to x o id .
A ll th e  3 ex am in ed  B . pertussis  a n d  8 B . bronchiseptica  s tra in s  show ed 
w ell-defined  dose-dependency , i.e. th e  ap p lic a tio n  of 30 IO U  induced  h ig h e r 
degree o f  im m u n o en h an cem en t as a ru le  th a n  10 IO U . T his dose-dependency  
w as s ig n if ic a n t in all cases, w ith  th e  ex cep tio n  o f s tra in  CF. A fu r th e r  a rg u ­
m en t o f th e  do se-d ep en d en t a d ju v a tin g  a c tiv i ty  o f Bordetellae is th e  fa c t 
th a t  tw o B . bronchiseptica  s tra in s  (B 21, C 42) an d  one B . pertussis s tra in  
(P E  2) fa iled  to  enhance  th e  efficacy  o f th e  te ta n u s  to x o id  if  applied  in  am o u n ts  
co rrespond ing  to  10 IO U . A t th e  sam e tim e  all th re e  Bordetella s tra in s
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Table I
E x am in atio n  o f th e  dose-dependent im m unolog ical a d ju v a n t effect of 
in ac tiv a te d  Bordetella b a c te r ia l suspensions
A d ju v a n t  dose N O 10 IO U 30 IO U
E ffic ie n c y  o f  
t e ta n u s  to x o id
I I U  p e r  m l
D esignation of B . bronchiseptica s tra in s
В 5 51 107 + + 300 + + +
BA K 51 190 + + + 239 + +
BÁB 51 90.3 + 261 + + +
D K  2 51 127 + + 238 +
В 21 51 52 104 +
С 42 51 49 110 + +
CE 150 226 + + 350 + +
CF 150 201 NS 242 NS
B . pertussis
P E  1 150 238+ + 334 +
2 51 61.5 109.5 +
3 51 169+ + 239 + +
S ta tis t ic a l  significance o f th e  degree of d o se-dependen t im m unoenhancem ent 
+ P  =  0.005 + + P  =  0.002 + + + P  =  0.001
N S =  n o t  significant
A c tiv e  im m unization—to x in  challenge te s t in  m ice 
A n tig en : adsorbed te ta n u s  to x o id  10 B U  per m l as follows:
51 ( 39-68) I IU  per m l =  im m unizing v a lu e  o f p u rified  te ta n u s  toxoid  adsorbed on  a lu m i­
nium  p h o sp h a te ; in  b ra ck e ts : 95%  fiducial lim its 
150 (108—207) I IU  p e r m l - = im m unizing v a lu e  o f n a tiv e  te tan u s  toxo id  adsorbed on a lum i­
nium  hydroxide
a d ju v a te d  th e  a n tig e n ic ity  of th e  te s t  an tig en  in am o u n ts  co rrespond ing  to  
30 IO U .
A ll of th e  ex am in ed  11 s tra in s  w ere in d iv id u a lly  show n to  possess d iffe r­
e n t  im m u n o s tim u la n t p roperties. In  th is  respect o u ts ta n d in g  va lu es  w ere 
o b ta in e d  for s tra in s  P E  1 and  CE, w hile s tra in s  designated  В 5 and  B Á B  w ere 
fo u n d  to  show th e  m o st p rom inen t dose-dependency .
D iscussion
T he ex ce llen t im m u n o s tim u la n t p ro p e rtie s  of B . pertussis  h a v e  long  
b e e n  know n an d  a re  b e ing  exp lo ited  in  h u m a n  m edicine, m a in ly  in th e  com bined  
im m u n iza tio n  o f c h ild ren  against d ip h th e r ia , te ta n u s  an d  p e rtu ssis  w ith  a
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com bined  vaccine  to  p re v e n t th e  an tig en ic  co m p e titio n  betw een  te ta n u s  a n d  
d ip h th e r ia  toxo ids.
In  th e  p re se n t ex p e rim en ts  we in v e s tig a te d  th e  v e te rin a ry  m ed ica l 
a sp ec ts  o f th e  p ro b lem , a n d  a t te m p te d  to  d e te rm in e  w h e th e r  B . bronchiseptica  
s tra in s  possess sim ilar a c tiv ity . T he im m unological en h an c in g  (im m unom odu- 
la tin g ) effect o f th e  iso la tes  w as d e te rm in ed  in  “ screen ing  e x p e rim e n ts” , 
using  adso rbed  te ta n u s  to x o id  as te s t  an tig en . T he im m unolog ica l a d ju v a tin g  
effect w as ju d g ed  on th e  basis  o f th e  degree o f in crease  in  th e  a n tig e n ic ity  o f 
te ta n u s  to x o id . So th is  p ro ced u re  enab led  us to  se lect th o se  s tra in s  e x h ib itin g  
h igh  a d ju v a tin g  a c tiv ity , s tra in s  w hich in  th e  fu tu re  p o ssib ly  can be  ap p lied  
in  v e te r in a ry  m edical p ra c tic e .
T he above re su lts  d e m o n s tra te  th a t  th e  e x a m in e d  B . bronchiseptica  
s tra in s  show ed an  im m unolog ica l a d ju v a n t effect e q u iv a le n t to  th a t  o f  B . 
pertussis  s tra in s . T h e  re su lts  o b ta in ed  w ith  th e  8 s tra in s  exam ined  so fa r  
in d ica te  th a t  th e re  are  considerab le  differences in  th e  im m u n o s tim u la n t c a p a ­
c ity  o f th e  in d iv id u a l s tra in s . F u rth e rm o re , th e  im m unolog ica l a d ju v a n t  
effect show ed a p ro n o u n ced  dose-dependency , w h ich  w as s ign ifican t fo r all 
b u t  one o f  th e  s tra in s .
F u r th e r  s tu d ies  a re  needed  to  de te rm ine  th e  b a c te r ia l cell co m p o n en t 
responsib le  for th e  im m unolog ica l a d ju v a n t effect.
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T h e  im m uno log ica l a d ju v a n t effec t o f k illed  Bordetella bronchiseptica  b a c te r iu m  su s­
pensions w as s tu d ied  in  im m u n iza tio n  ex p erim en ts  w ith  te ta n u s  to x o id s o f d iffe ren t degrees 
o f “ in tr in s ic  a n tig e n ic ity ” .
D o se-d ep en d en t a d ju v a tin g  effec t o f  B . bronchiseptica  suspensions was d e m o n s tra te d  
in  im m u n iza tio n  tr ia ls  w ith  th e  d iffe ren t te ta n u s  toxo ids. In  case o f im m u n iza tio n  w ith  th e  
to x o id  o f  h ig h er in tr in s ic  an tig en ic ity , th e  degree o f  a d ju v a tin g  e ffec t w as low er th a n  in  case  
of a p p lic a tio n  of th e  te ta n u s  toxo id  of low er in tr in s ic  an tig en ic ity .
C o m p ara tiv e  s tu d ie s  on m ice sto ck s o f low  a n d  h igh  im m u n o -p o ten tia l rev ea led  t h a t  
low -responder m ice cou ld  be  im m unized  e ffic ien tly  n e ith e r w ith  to x o id  alone n o r w ith  t h a t  
assoc ia ted  w ith  th e  a d ju v a n t  p rep ared  fro m  B . bronchiseptica.
K eyw ords. Bordetella bronchiseptica , im m u n o m o d u la tio n , in tr in s ic  a n t i ­
g en ic ity , im m u n o -p o ten tia l.
W e h av e  re c e n tly , to  th e  b e s t o f o u r know ledge f ir s t  in  th e  l i te ra tu re ,  
described  th a t  Bordetella bronchiseptica  h as  an  excellen t im m unolog ical a d ju ­
v a n t  effect re g a rd in g  th e  d ev e lo p m en t o f th e  a n ti- te ta n u s  im m u n ity  (R é th y  
e t a l., 1982a).
T h u s , a fu r th e r  b a c te ria l species h as  been  found  to  show  th e  long -know n  
ph en o m en o n  th a t  w hole-cell suspensions (b ac te ria l vaccines) o f ce rta in , m a in ly  
G ram -n eg a tiv e , b a c te r ia  can  g re a tly  en h an ce  th e  im m une response  to  u n re la te d  
an tig en s (R am o n , 1925).
A re la tiv e ly  la rg e  series o f  ex p e rim en ts  w as aim ed a t  defin ing  th e  m ain  
im m unological (im m u n o a d ju v a n t, im m u n o m o d u lan t) fea tu re s  of im m u n o stim - 
u lan ts : in  th e  f ir s t  line  to  in v es tig a te  p o ssib ility  o f ap p ly in g  th em  in  h u m a n  
an d /o r v e te r in a ry  im m u n iza tio n  p rac tice  (G éresi e t a l., 1982; R é th y  e t a l., 
19821»). T h e  m ain  goal o f our p re se n t p a p e r  w as to  get rep lies to  th e  fo llow ­
ing q u estio n s:
(i) To w h a t e x te n t , if  a t  all, can  th e  su p p lem en ta ry  im m u n o a d ju v a n t 
effect in flu en ce  th e  dev e lo p m en t o f  th e  p r im a ry  a n ti- te ta n u s  im m u n ity  i f  th e
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tw o  m a in  re p re se n ta tiv e s  o f te ta n u s  to x o id , i.e . te ta n u s  to x o id  o f low in trin s ic  
a n tig e n ic ity  an d  th e  o n e  o f h igh in trin s ic  a n tig e n ic ity  (D resser an d  M itchison, 
1960), a re  ad m in is te red  as te s t  an tigen .
(ii) To w h a t e x te n t  can  th e  B . bronchiseptica  whole-cell im m u n o m o d u lan t 
in flu en ce  th e  g en e tica lly  defined  im m u n o -p o te n tia l o r th e  im m unological 
p o te n tia l  suppressed  b y  en v iro n m en ta l fa c to rs . T h e  m ain  q u estio n  in  th is  fie ld  
w as w h e th e r  B . bronchiseptica  can , or c a n n o t, rep lace  th e  excellen t im m u n o ­
m o d u la n t, T -h e lp er-rep lac in g , im m u n o -am p lify in g  effect o f lip o po lysaccha­
rid es  (R é th y , 1981; G éresi an d  R é th y  J r . ,  1982).
Materials and m ethods
Inac tiva ted  B . bronchiseptica suspensions
B . bronchiseptica  s tra in s  В 5 a n d  CE w ere used. T hese s tra in s  show ed 
th e  h ig h e s t im m u n o s tim u la n t effect d u rin g  th e  p rev ious s tu d y . The s tra in s  
w ere  k e p t  freeze-d ried  in  presence o f  d e x tra n  an d  p ro p ag a ted  on 5%  sheep 
b lo o d  ag a r p la tes.
T h e  p re p a ra tio n  o f  suspensions a n d  in a c tiv a tio n  o f m icroorganism s w ere 
p e rfo rm ed  as describ ed  recen tly  (M agyar e t  a l., 1983; see p . 31 in  th is  vo lum e), 
w ith  th e  excep tion  t h a t  th e  d en sity  o f th e  suspension  p re p a re d  from  B . bron­
chiseptica  s tra in  C E w as a d ju s ted  to  30 IO U  only . (IO U  =  In te rn a tio n a l 
O p a c ity  U n it, d e fin ed  ag a in s t th e  In te rn a t io n a l  O p ac ity  S ta n d a rd  issued  b y  
th e  N a tio n a l In s t i tu te s  of H ea lth , B e th e sd a , M d., USA u n d e r ausp ices of 
W o rld  H ea lth  O rg an iza tio n ).
T eta n u s toxoids
Two te ta n u s  to x o id s  were ad m in is te re d  as a lu m in iu m -carrier-ad so rb ed  
m o n o v a len t vaccines th ro u g h o u t th e  ex p e rim en ts . T he tw o to x o ids rep re sen ted  
th e  tw o  m ain  a n tig e n ic ity  groups of te ta n u s  to x o id s , i.e. (i) one to x o id  belonged  
to  th e  g roup  of low  in tr in s ic  an tig en ic ity  (T oxoid  I), w hile th e  o th e r to  (ii) th e  
g ro u p  o f high in tr in s ic  an tig en ic ity  (T oxoid  I I ) .  T he d e ta iled  descrip tion  can  
be fo u n d  under R e su lts  and  discussion.
T he adso rbed  to x o id s , irre sp ec tiv e ly  o f  th e ir  an tig en ic ity  ch a rac te ris tic s , 
c o n ta in e d  eq ua lly  10 B U  (B inding U n its) p e r  m l of f in a l vaccine.
M ice
Two groups o f  m ice — from  d iffe re n t b reedings — w ere ap p lied  for 
d e fin in g  th e  im m u n o lo g ica l-p o ten tia l-in creasin g  a c tiv ity  o f B . bronchiseptica
v acc in es .
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Mice o f g roup  no . 1 ex h ib ited  fa irly  sen sitive  im m unolog ical p o te n tia l 
as checked  w ith  in c reas in g  doses o f th e  te s t  a n tig en . I f  com bin ing  lip o p o ly ­
saccharide  to  th e  te s t  a n tig e n , th e  im m une response in creased  s ig n ifican tly  an d  
u n ifo rm ly  in  all in d iv id u a ls .
Mice d eriv ing  from  th e  o th e r b reed  ex h ib ited  p o o rly -reac tin g  im m uno log ­
ical p o te n tia l. A c e r ta in  p a r t  o f th e  in v es tig a ted  an im als  b ehaved  like “ n o n ­
resp o n d ers” , in  sp ite  o f  increasing  th e  dose o f an tig e n . L ipopo lysaccharide  
deriv ing  from  Shigella sonnei s ig n ifican tly  decreased  th e  p ro p o rtio n  o f  n o n ­
responders (G éresi, 1981).
E xperim en ta l procedure
D e te rm in a tio n  o f th e  po ten cy , an d  also o f th e  changes in  p o ten cy , w hile 
ap p ly in g  im m u n o m o d u la n ts  w as p erfo rm ed  in  m ouse ac tiv e  im m u n iza tio n  
te s t  follow ed b y  cha llenge  w ith  10 M inim al L e th a l D ose (M LD) o f te ta n u s  
to x in  p e r m ouse. B o th  th e  im m u n iza tio n  an d  th e  to x in -ch a llen g e  were p erfo rm ed  
b y  th e  su b cu tan eo u s  ro u te . A single in jec tio n  o f 0.5 m l w as given th ro u g h o u t. 
T he im m u n iza tio n  p ro ced u re  has been described  in  d e ta il b y  H egedűs an d  
R é th y  (1967), a n d  th e  p re sen tly  app lied  form  o f d efin in g  th e  changes in  p o ­
ten cy  using  th e  m en tio n ed  m ouse ac tiv e  im m u n iz a tio n —to x in  challenge te s t  
has been described  in  th e  p re sen t vo lum e b y  R é th y  e t al. (1983) (see p . 43).
R esults and  discussion
Investigations concerning the im m unological characteristics o f  the test antigens
D uring  th e  ex p e rim en ts  aim ed a t  defin ing  th e  “ su p p le m e n ta ry ”  a d ju v a t-  
ing  effect o f th e  B . bronchiseptica  im m u n o m o d u lan ts  ex e rted  on th e  te ta n u s  
to x o id s’ effectiveness d e te rm in ed  b y  th e  degree o f in tr in s ic  an tig en ic ity , we 
in v es tig a ted  th e  c h a ra c te ris tic s  o f th e  te ta n u s  to x o id s  (T able I).
T ab le  I  d isp lays th e  m ain  ch a rac te ris tic s  in flu en c in g  th e  “ ow n”  a n t i ­
gen ic ity  o f te ta n u s  to x o id s .
T oxoid  I I  (n o n -p u rified ), in v es tig a ted  w ith  d o u b le  diffusion te s t  an d  
O u d in ’s sem isolid  g e l-p rec ip ita tio n  m eth o d  ag a in s t h y p erim m u n e  te ta n u s  
a n tito x in  show ed as m a n y  arcs an d  b an d s as th e  p u rif ie d  to x o id  d esig n a ted  
as T oxoid  I.
W e n e ith e r  w ere ab le  to  f in d  th e  reason  o f th e  h ig h er a n tig en ic ity  o f 
T oxoid  I I  reg a rd in g  o th e r  p a ram e te rs  of th e  tw o to x o id s  in v es tig a ted .
So, we h a d  to  ac c e p t th e  th eo rem  lau n ch ed  b y  D resser an d  M itchison 
(1960) a b o u t th e  d iffe ren t degrees o f in trin s ic  a n tig e n ic ity  values o f an tig en s.
T his th eo rem  w as, how ever, m odified  b y  one o f  us b ased  on h is ow n 
experience on te ta n u s  to x o id s ’ an tig en ic ity . H e fo rm u la te d  th e  dose—response
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Table I
Im m vm ologically re lev an t p a ram ete rs  o f the  te tan u s 
toxo ids applied  th ro u g h o u t th e  experim ents
N o. o f  a rc s + an d  b a n d s + +
P u r i ty  degree in I I U D  per I U  + + + in





B U g u in ea -p ig  te s t
T oxoid  I 1 4 0 0 10 и 9 .5 4 . 8
T oxoid  II 6 0 0 и и 2 1 . 7 5 5 .8
R em arks:
+ a n d  + + : im m unodiffusion  te s t  according to  O uchterlony  and O udin  (see: respective 
h an d b o o k s);
П an tigen ic ity , as d e te rm in ed  in  m ouse ac tiv e  im m u n iza tion -tox in -challenge  te s t. P  b e t­
w een T o x o id  I  and Toxoid  I I  re su lts  0.001;
+ + + A ntigenicity , as d e te rm in ed  according to  th e  “ one s tim u la n t m e th o d ”  (see: any  
P h arm aco p o eia ; M onograph on te ta n u s  toxoid).
fu n c tio n  concerning th e  te ta n u s  an d  d ip h th e r ia  toxo ids. U sing th e  eq u a tio n , 
we c a n  express th e  deg ree  o f th e  in tr in s ic  a n tig en ic ity  b y  th e  v a lu e  o f  th e  
“ o rd in a te - in te rc e p t”  o f  th e  eq u a tio n  (R é th y , 1981).
E xp erim en ts  w ith im m unom odulants and tetanus toxoids
U sing as te s t  a n tig en s  th e  above-described  an tig en s, th e  fo llow ing resu lts  
w ere ach ieved :
Table II
Im m unolog ical a d ju v a n t e ffec t of in ac tiv a te d  B . bronchiseptica suspensions on  th e  im m une 
response to  te ta n u s  toxoids o f d ifferen t in trinsic  an tig en ic ity
Toxoid T oxoid I T oxoid  I I
B . b ro n ch isep tica  
s tra in  В  5 0 10 IO U 0 10 IO U 30 IO U
ID /m ouse M o rta lity  in p e rcen tag e o f im m unized  m ice
1 : 30 ___ — — — —
1 : 60 19 — — — —
1 : 120 27 12 7 — —
1 : 240 75 53 13 12 7
1 : 480 100 81 81 54 37
1 : 960 100 100 100 87
1 : 1920 
IIU /m l 95 158 217 276
100
350
Active p ro te c tio n -to x in  challenge te s t  in  mice 
A ntigen: ad so rb ed  te tan u s  to xo id , 10 B U /m l 
ID  =  im m unizing  dose, in  m l 
I IU  =  In te rn a tio n a l Im m unizing  U n its
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T ab le  I I  show s th e  im m uno log ica l a d ju v a n t effect o f th e  suspension  
p re p a re d  from  in a c tiv a te d  B . bronchiseptica  s tra in  В 5, d u rin g  im m u n iza tio n  
w ith  te ta n u s  to x o id s  w ith  in tr in s ic  a n tig e n ic ity  of v a ry in g  degree. T ab le  I I  
c o n ta in s  th e  com ple te  reco rd  o f th e  e x p e rim e n t to  illu s tra te  th e  s ig n ifican t 
d ifferences ex isting  in  im m u n o g en ic ity  be tw een  th e  p u rified  an tig en  o f  low 
in tr in s ic  a n tig e n ic ity  a n d  th e  n a tiv e  a n tig e n  o f  h igher in tr in s ic  an tig en ic ity . 
W h en  using  an tig en s o f id en tica l o rig in , th e  im m u n o g en ic ity  of th e  n a tiv e  
te ta n u s  to x o id  is 2.5 tim es  h ig h er th a n  t h a t  o f th e  p u rified  a n tig e n  p re p a re d  
from  th e  fo rm er. W hile  10 IO U  o f th e  a d ju v a n t  e lic ited  a tw ofo ld  in c rease  in  
th e  im m u n o g en ic ity  o f  th e  p u rif ied  a n tig e n  o f low er effic iency , 30 IO U  o f th e  
im m uno log ica l a d ju v a n t  w ere needed  fo r  in d uc ing  a s ig n ifican t in crease  in  
th e  effic iency  of th e  n a tiv e  an tig en , w h ich  h a d  a lread y  been  h ig h ly  effective 
o rig ina lly . This p h en o m en o n  can  u n an im o u sly  be tra c e d  b ack  to  th e  re s tr ic te d  
im m uno log ica l p o te n tia l  o f th e  e x p e rim e n ta l an im als (m ice), an d  to  th e  possib le 
m ax im u m  ac tiv a tio n  o f  th is  p o te n tia l.
T h is view  seem s to  be su p p o rte d  b y  th e  ex p erim en t in  w hich th e  im m uno- 
m o d u la n t (im m unological a d ju v a n t)  e ffec t o f th e  B . bronchiseptica  suspension  
w as s tu d ie d  in  m ice o rig in a tin g  from  tw o  d iffe ren t s tra in s  (T able I I I ) .
Table III
Im m unological a d ju v a n t effect o f in a c tiv a te d  B . bronchiseptica suspension 
in  groups of m ice of d ifferen t im m unological p o ten tia l
B .  b ro n c h ise p tic a  
s tr a in  CE
G roup no. 1 o f  m ice G ro u p  no . 2 o f  m ice
0 30 IO U 0 30 IO U
ID /m o u se M o rta lity  in  p e rcen tag e  o f im m unized  m ice
1 : 30 — — 25 12.5
1 : 60 — — 20 37.5
I : 120 6.7 — 38 62.5
1 : 240 13.3 7.1 75 68.7
1 : 480 81.2 37.5 100 93.8
1 : 960 100.0 87.5 100.0
1 : 1920 100.0
IIU /m l 216 350 156.1 149.4
95%  fid u c ia l lim it 8 1 % -1 2 3 .7 % 79 .4 % -1 2 5 .8 % 6 0 % -1 8 0 % 6 0 % -1 8 0 %
I t  w as p ro v ed  in  earlie r ex p e rim en ts  (G éresi, 1981) th a t  ex p e rim en ta l 
mice s tra in  no . 2 c a n n o t be used  fo r th e  d e te rm in a tio n  of b io logical v a riab les  
because  m ice of th is  g roup  develop po o r p ro te c tio n  to  an tito x ig en ic  an tig en s. 
In  th e  p re se n t e x p e rim en t we a t te m p te d  to  m o d u la te  th e  im m unolog ica l 
p o te n tia l  o f m ice w ith  th e  suspension  o f B . bronchiseptica  CE s tra in , w hich 
h ad  p ro v e d  to  be th e  m o st effic ien t in  ea rlie r experim en ts.
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T ab le  I I I  c o n ta in s  re su lts  of a c o m p a ra tiv e  s tu d y . In  th is  ex p e rim en t, 
m ice d eriv ed  from  tw o  d iffe ren t s tocks w ere im m u n ized  w ith  th e  sam e ad so rb ed  
te ta n u s  to x o id , an d  im m u n o m o d u la tio n  w ith  30 IO U  o f th e  B . bronchiseptica  
s tra in  CE was p e rfo rm ed  in  th e  sam e w ay  in  b o th  g roups o f m ice.
T he o b se rv a tio n s  h av e  unan im o u sly  co n firm ed  ou r earlie r h y p o th esis  
t h a t  th e  m a jo rity  o f  m ice belonging to  g roup  no. 2 (i) c an n o t be im m unized  
w ith  an tito x ig en ic  a n tig e n s  a t  all, i.e ., m o st o f th em  fail to  develop a n tito x ic  
p ro te c tio n  even to  h ig h  doses o f to x o id ; an d  (ii) th a t  in  th is  group o f m ice 
th e  B . bronchiseptica  suspension  used as im m unolog ica l a d ju v a n t d id  n o t am plify  
th e  im m unolog ica l p o te n tia l  in  th e  m a jo rity  o f im m unized  an im als. T h is is 
p ro v ed  b y  th e  fa c t t h a t  p ro tec tio n  or lack  o f p ro te c tio n  is o f id en tica l degree 
p ra c tic a lly  a t  all im m u n iza tio n -d o se  levels in  g roup  no. 2. T he 95%  fid u c ia l 
lim its  o b ta in ed  for th e  im m unized  p o p u la tio n  w ere s ig n ifican tly  b ro ad er th a n  
in  g roup  no. 1.
I n  conclusion, w e can  estab lish  th a t ,  in  acco rd an ce  w ith  th e  p rincip les 
o f im m u n o m o d u la tio n , th e  im m u n o s tim u la n t effect o f im m unological a d ju ­
v a n ts  depends on th e  im m u n o -p o ten tia l of ex p e rim en ta l an im als, an d  on th e  
e x te n t to  w h a t i t  c an  b e  a c tiv a te d . T his is suggested  b y  o u r resu lts  o b ta in e d  
fo r ex p e rim en ta l a n im a ls  rep resen tin g  d iffe ren t im m unolog ical p o ten tia ls , an d  
in  ex p erim en ts  on e n h an c in g  th e  effic iency  o f te ta n u s  toxo id s  of v a ry in g  
in tr in s ic  an tig en ic ity .
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IMMUNOMODULATION OF PRIMARY ANTITOXIC- 
-TYPE IMMUNITY WITH INACTIVATED B R U C E L L A
SUSPENSIONS
L. R é t h y , 1 L. A. R é t h y  J r . 2 an d  M agdolna G é r e s i 2
•H U M A N  In s t i tu te  fo r Serobacterio logical P ro d u c tio n  an d  R esearch , 1107 B u d a p es t, 
Szállás u. 5; and  2P H Y L A X IA  V e te rin a ry  B iologicals Co.,
1107 B u d ap est, Szállás u . 5, H u n g a ry
(R eceived  M arch 30, 1983)
K illed  whole-cell Brucella abortus an d  B . su is  suspensions were applied  as a d ju v a n ts  
in  active  m ouse-p ro tec tio n  te s ts  w ith  te ta n u s  a n d  CL perfringens-D  (epsilon) toxo ids. T he 
Brucella  suspensions ex h ib ited  h igh  degree of a d ju v a n cy  in  sim u ltan eo u s a p p lica tio n  w ith  
e ith e r o f th e  toxo ids. T he in crease  in  an tig en ic ity  ran g ed  be tw een  105 an d  484% . T he nu m erica l 
d a ta  go t b y  th e  a p p lica tio n  o f a  po lynom ial eq u atio n  w ere processed  w ith  an  analysis o f 
variance . T he resu lts  in  re p e a te d  a d ju v a n t  tria ls  concern ing  th e  effectiveness o f b o th  to x o id s 
show ed id e n tity . C o m puted  fro m  co m p ara tiv e  ex p erim en ts  w ith  th e  tw o toxo ids, th e  va lues 
o f th e  to ta l-d e te rm in a tio n -co e ffic ien t (R 2 =  0.91 a t  P  =  0.01), a n d  th o se  of th e  d e te rm in a n t-  
coefficient o f lin e a rity  (rfjn =  0.83 a t  P  =  0.01) show  a  s tr ic t  paralle l ru n  of th e  tw o cu rv es 
rep re sen tin g  th e  resu lts  go t w ith  th e  tw o toxoids.
K eyw ords. Im m u n o m o d u la tio n , p rim a ry  im m u n ity , in a c tiv a te d  Brucella.
In  a series o f ex p e rim en ts  we defined  th e  im m u n o m o d u la tin g  a c tiv i ty  o f 
severa l su b stan ces o f b io logical origin. T he ex p e rim en ts  w ere perfo rm ed  as 
la b o ra to ry  sc reen in g -ty p e  tr ia ls  ap p ly ing  th e  fo llow ing im m unological in 
v ivo m odels:
(i) in  ex p erim en ts  a im ed  a t  th e  d efin itio n  o f th e  im m u n o m o d u lan t a c t iv ­
i ty  o f th e  in v e s tig a te d  su b stan ces  ex e rted  on th e  dev e lo p m en t o f h u m o ra l 
(an tito x ic ) im m u n ity , a c tiv e  m o u se-im m uniza tion  follow ed b y  to x in  challenge 
w as ap p lied ;
(ii) th e  im m u n o p o te n tia tin g  a c tiv ity  ex e rted  on th e  d ev e lo p m en t of 
a n tib a c te r ia l im m u n ity  w as in v es tig a ted  w ith  th e  use o f  E rysipelo thrix  rhusio- 
pathiae  vaccine;
(iii) th e  host-defence-increasing /m od ify ing  a c tiv ity  o f  th e  su b stan ces w as 
d e te rm in ed  in  m o u se -tu m o u r system s, ap p ly in g  E h rlic h ’s ascites tu m o u r  an d  
m ouse fib ro sa rco m a N o. S-180.
T he p re se n t ex p e rim en ts  w ere aim ed a t  d e fin ing  th e  im m u n o m o d u la tin g  
a c tiv ity  o f  h e a t- in a c tiv a te d  Brucella  suspensions on th e  deve lopm en t o f p r i­
m ary  a n tito x ic  im m u n ity . T he m ain  goal of th e  ex p e rim en ts  w as to  g e t know  
som e fea tu re s  o f  th e  a d ju v a tin g  a c tiv ity  o f Brucella  suspensions ex e rte d  on
A ddress re p r in t re q u es ts  to D r. L. R é th y , E g ry  J .  u . 19 — 21, B u d ap est, H u n g a ry , 
H - l l l l
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th e  d ev e lo p m en t o f th e  a n ti- te ta n u s  a n d  anti-CZ. perfringens-D  (epsilon) 
p r im a ry  p ro tec tio n  in  c o m p a ra tiv e  tr ia ls .
W e h av e  show n re c e n tly  th a t  in a c tiv a te d  Brucella  suspensions h av e  
im m un o m o d ify in g  effect on  th e  h o s t defence or on th e  d ev e lo p m en t o f  a n tito x ic  
or a n tib a c te r ia l  im m u n ity  (T oujas e t ah , 1972, 1975; R é th y  e t ah , 1980; 
G éresi e t ah , 1981).
Materials and m ethods
Brucella  s tra in s  w ere cu ltu re d  on p o ta to -a g a r  m edium . T he h a rv e s t w as 
in a c tiv a te d  by  h e a t a t  60 °C a n d  su sp en d ed  in  p h o sp h a te -b u ffe red  saline. 
T he s tra in s  are lis ted  a n d  th e ir  re le v a n t ch a ra c te ris tic s  are  d isp lay ed  in  T ab le  I.
Table I
C haracteristics o f th e  in ac tiv a te d  Brucella abortus and  B . su is  
suspensions applied  in  th e  experim ents
In a c tiv a te d  b ac te riu m  suspensions
Origin o f  im m u n o m o d u la to rs  +
IO U  p e r
m l+ +
D ry  w eight 
p e r  m l, in  m g
IO U  p e r  m g 
d ry  w eigh t
Brucella abortus PH -0048 570 26.69 21.35
Brucella abortus PH -0159 690 39.80 17.34
Brucella abortus PH -0260 480 23.34 20.57
Brucella abortus PH -0371 570 27.18 20.97
Brucella suis PH -0482 410 21.41 19.15
A verage: 19.876
i.e .: 20 IO U per 1 m g
R em arks:
+ N um bers of th e  s tra in s  are given as reg is te red  in  PH Y L A X IA .
+ + IO U  =  In tern a tio n a l O pacity  U n it, as com pared to  the  N I H —W H O  O pacity  
S ta n d ard .
T he b ac te ria l c o u n t w as a d ju s te d  a g a in s t th e  In te rn a tio n a l  O p ac ity  
S ta n d a rd  issued b y  th e  N a tio n a l I n s t i tu te s  o f H e a lth  an d  accep ted  b y  th e  
W o rld  H e a lth  O rg an iza tio n . So, all th e  d a ta  concern ing  th e  a m o u n ts  app lied  
a re  exp ressed  in  te rm s  o f  In te rn a tio n a l  O p ac ity  U n its  (IO U ).
D eterm ination o f  the po tency o f  tetanus and  Cl. perfringens-D  ( epsilon)  toxoids
Standards. T he N a tio n a l S u b s ta n d a rd  T e tan u s  T oxoid  P re p a ra tio n  con­
ta in e d  50 In te rn a tio n a l Im m u n iz in g  U n its  (H U ) in  freeze-d ried  fo rm  p er 
am p o u le . The local s ta n d a rd  fo r Cl. perfringens-D  (epsilon) to x o id  equ a lled  to  
43 loca l p ro tec tiv e  u n its  (P U ) p er m l, in  a lu m in iu m -h y d ro x id e -ad so rb ed  fo rm .
E xperim enta l procedure. T he p o ten cy -d e te rm in a tio n s  o f te ta n u s  to x o id  
an d  Cl. perfringens-D  (epsilon) to x o id  w ere p erfo rm ed  u n ifo rm ly  in  m ouse
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g roups, using  th e  ac tiv e  m o u se -im m u n iza tio n -to x in  challenge te s t .  T h is te s t  
w as described  in  essence b y  H egedűs a n d  R é th y  (1967). T he m e th o d , app lied  
fo r th e  Cl. perfringens-D  (epsilon) to x o id s’ p o te n c y  assay  w as evo lved  b y  
G éresi (1981).
(i) A ctive m o u se-im m u n iza tio n —to x in  challenge te s t
Tw ofold seria l d ilu tio n s w ere m ade o f b o th  to x o id s , using  Brucella  su s­
pensions co n ta in in g  4.0 IO U  p e r m l as d ilu en t. T he single im m uniz ing  dose — 
a t  each  d ilu tio n  level — co n ta in ed  2.0 IO U  of im m u n o m o d u lan t suspension  
besides th e  d ilu ted  ad so rb ed  to x o id . C ontrols rece ived  to x o id  only .
G roups o f 20 a lb ino  Swiss m ice w ere form ed a t  ra n d o m . O ne-sho t im m u ­
n iz a tio n  w as perfo rm ed  b y  th e  su b cu tan eo u s  ro u te  w ith  0.5 m l of th e  m ix tu re s  
m en tio n ed  above (See p reced ing  p a ra g ra p h ).
T ox in  challenges w ere p erfo rm ed  on th e  21st d a y  a fte r  im m u n iza tio n . 
T he te ta n u s  to x in , 20 M inim al L e th a l D ose (M LD) p e r an im a l w as ad m in is te red  
su b cu tan eo u sly , w hereas th e  Cl. perfringens-D  (epsilon) to x in , 3 M L D /an im al, 
in trav en o u sly .
(ii) C o m p u ta tio n  o f re le v a n t d a ta  o f th e  te s ts
U sing th e  50%  p ro te c tiv e  dose-values, c h a ra c te ris tic  of te s t  a n d  con tro l 
g ro u p s, th e  im m u n o m o d u la to r trea tm en t-sp ec ific  R e la tiv e  P o te n c y  (R P ) an d  
th e  changes of im m u n iz in g  va lu es  u n d e r th e  in te ra c tio n  o f Brucella  im m uno- 
m o d u la to rs  expressed  in  I I U  or, in  case o f Cl. perfringens  to x o id , in  local P U , 
w ere also d e te rm in ed  an d  95%  fid u c ia l lim its  of th e  R P  values w ere defined .
(iii) All th e  ex p erim en ts  w ere p erfo rm ed  tw ice a t  a re la tiv e ly  long  in te r ­
v a l. T his w as done to  define th e  rep ro d u c ib ility  o f re su lts  an d  to  m ak e  th e  
im m unolog ica l d a ta  m ore precise , th u s  su itab le  fo r in v es tig a tin g  p ara lle lism  
b e tw een  th e  d a ta  concern ing  th e  tw o  toxo ids u n d e r th e  in fluence  o f d iffe ren t 
Brucella  im m u n o m o d u la to rs . To define  an d  s ta tis tic a lly  ana lyse  th e  id e n ti ty  of 
re su lts , th e  p ro p o rtio n a lity  expressib le  in  num erica l d a ta  of b io logical in te r ­
ac tio n s , th e  non -lin ear reg ression  analy sis  w as app lied , follow ed b y  th e  analy sis  
o f v a rian ce  an d  d e fin itio n  o f d e te rm in a tio n -co effic ien ts  co m p u ted  b y  th e  use 
o f  th e  p o lynom ia l eq u a tio n , i.e . Y  =  a -f- bx cx2 (S váb , 1981).
R esults
T he effect o f Brucella  im m u n o m o d u lan t tre a tm e n t on th e  d ev e lo p m en t 
o f p rim a ry  a n ti- te ta n u s  (an tito x ic ) im m u n ity , i.e. th e  effect ex e rted  on th e  
d ev e lo p m en t of th e  p ro te c tio n  a g a in s t te ta n u s  to x in  in to x ic a tio n  is p re sen ted  
in  T ab le  I I .
T he p ro tec tiv e  v a lu e  o f th e  te ta n u s  toxo ids in c reased  u n d er th e  in flu en ce  
o f th e  ap p lica tio n  o f  im m u n o m o d u lan ts  p rep ared  from  d ifferen t Brucella  
s tra in s  1 .54-4 .84 tim es.
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Table II
T h e  developm ent of p r im a ry  a n ti- te tan u s  p ro tec tio n  a n d  th e  effect o f im m unom odulators 
p repared  from  d iffe re n t Brucella  strains. E x am in a tio n  of th e  rep ro d u c ib ility  of 
re su lts  using analysis o f v a riance
O rigin o f
im m un o m o d u la to rs  + 
(Dose: 0.1  m g)
R e la tiv e  p o ten c y  re su lts  o f  th e  re p e a te d  in v es tig a tio n s  
w i th  95%  fid u c ia l l im its
In v es tig a tio n  I  + + In v es tig a tio n  I I + +
Brucella abortus PH -0048 2.98 (2 .35-3 .78) 3.16 (2.59-3.86)
Brucella abortus PH -0159 3.21 (2 .54-4 .08) 3.42 (2.80-4.17)
Brucella abortus PH -0260 1.94 (1 .53-2 .46) 2.01 (1 .65-2 .45)
Brucella abortus PH -0371 4.84 (3 .82-6 .15) 4.29 (3 .52-5 .23)
Brucella suis PH -0482 1.54 (1 .21-1 .96) 1.76 (1 .44-2 .15)
U n tre a ted  contro l 1.0 (0 .79-1 .27) 1.0 (0.82-1.22)
A nalysis of variance : R 2 == 0.96 P <  0.01; rfin =  0.95 P  <  0.01
Source so D F + + +  MQ F P =  0.01
T o ta l 8.9654 5
Regression 8.6126 2 4.3643 36.62 >  30.38
linear. 8.5245 1 8.5245 72.48 >  34.12
square 0.0881 1 0.0881 n o t sign ifican t
E rro r 0.3528 3 0.1176
+ See foo tno te  to  T ab le  I
+ + In terv a l b e tw een  th e  tw o investigations: six weeks 
+ + + D F  =  degree o f freedom
T he d a ta  o f th e  re p e a te d  in v es tig a tio n s  show  an  excellen t rep ro d u c ib ility . 
A n a lysis  of v a rian ce  show s a s tr ic t p a ra lle l ru n  o f th e  d a ta , in d ep en d en tly  of 
th e  tim e  of th e  in v e s tig a tio n .
T he d a ta  o f T a b le  I I I  show th e  in te ra c tio n  of Brucella  im m unom odu- 
la n ts  in  case o f s im u ltan eo u s  ap p lica tio n  w ith  Cl. perfringens-D  (epsilon) 
to x o id .
T he d a ta  ex p lic itly  d em o n stra te  a p a ra lle l ru n  o f th e  tw o  curves re p re se n t­
in g  th e  in d iv idua l re su lts  o b ta in ed  in  d iffe ren t im m u n iza tio n  tria ls .
T he resu lts  d isp lay ed  in  T ables I I  a n d  I I I  w ere in v e s tig a te d  s ta tis tic a lly  
to  d e fin e  some o f th e  ch a ra c te ris tic s  of th e  a d ju v a n t a c tiv ity  o f im m unom odu- 
la n ts  p rep ared  from  Brucella  s tra in s . T he re su lts  o f th e  s ta tis t ic a l  analysis are 
show n in T able IV .
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Table HI
The d ev elo p m en t of th e  p rim ary  anti-C i. perfringens-D  (epsilon) to x in  p ro tec tion  a n d  
th e  e ffec t o f im m unom odu la to rs p repared  from  d iffe ren t Brucella s tra ins
E x am in a tio n  of th e  rep ro d u c ib ility  o f resu lts  using  analysis o f variance
Origin of
R e la tiv e  p o ten c y  re su lts  of th e  rep e a ted  in v estig a tio n s  
w ith  95%  f id u c ia l lim its
(Dose: 0.1 mg)
In v es tig a tio n  I + + In v es tig a tio n  11 + +
Brucella abortus PH-0048 2.4 (2 .1-2.7) 3.2 (2.37-4.32)
Brucella abortus PH-0159 3.2 (2.5—4.1) 4.05 (3.00-5.47)
Brucella abortus PH -0260 1.05 (0 .7-1 .3) 0.98 (0.72-1.32)
Brucella abortus PH-0371 3.6 (2 .7-4 .9) 4.85 (3.59-6.55)
Brucella su is  PH-0482 2.8 (2 .1-3 .6) 3.60 (2.66-4.86)
U n tre a te d  con tro l 1.0 (0 .8-1.3) 1.0 (0.74-1.35)
A nalysis o f  variance: R 2 =  0.97 P =  0.01 rfin =  0.95 P  = 0.01
S o u rce  SQ D F MQ F P = 0.01
T o ta l 7.6954 5
R egression  7.4463 2 3.7231 44.83 >  30.82
linear. 7.3181 1 88.13 > 3 4 .1 2
sq u a re  0.1282 1 n o t significant
E rro r 0.2491 3 0.083
+ See fo o tn o te  to  Table I
+ + In te rv a l  betw een th e  tw o investiga tions: seven m on ths
D iscussion
D iscu ssin g  th e  resu lts  d isp lay ed  in  T ab le  IV  go t b y  com pu ting  th e  d a ta  
o f th e  r e p e a te d  ac tive  im m u n iz a tio n -im m u n o m o d u la n t- tre a tm e n t tr ia ls , we 
can  u n a n im o u s ly  conclude th a t  th e  m echan ism  o f ac tio n  ex e rted  by  tw o d iffe r­
e n t im m u n o m o d u lan ts  of Brucella  orig in  on th e  d ev e lopm en t of th e  p r im a ry  
a n tito x ic - ty p e  p ro tec tio n , ex h ib ited  fea tu re s  o f th e  sam e ty p e .
T he v a lu e  o f th e  po lynom ial eq u a tio n  rep re sen ts :
У  =  3.26 - 2 .7 4 л :  +  1.2л2
T he reg ress io n  of th e  tw o  ex p erim en ts  an d  th e  d a ta  o f th e  tw o p a ra lle l 
(repea ted ) in v es tig a tio n s  rev ea l h igh  degree o f s ta tis t ic a l  significance.
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Table TV
A nalysis of v a rian ce  of th e  d a ta  com p u ted  w ith  th e  app lication  of polynom ial 
eq u atio n  and conta ined  in  T ables I I  and I I I
A n a ly s is  o f  v a ria n c e  (d a ta  o f T ab lée  I I  a n d  I I I  a re  converted  to  logits)
S ource  o f g g  
v a ria n c e
D F + MQ F P =  0.01
T o ta l 12.8261 9
R egression  11.6324 2 5.8162 34.1 >  9.5
linear. 10.641 1 62.2 >  12.25
sq u are  1.0282 1 6.0 <  12.25
E rro r  1.1937 7 0.1705
C harac te ris tic s  of th e  de term ination-coefficien ts
Coefficients V alue P
P e r  ce n t share  
o f th e  to ta l  
reg re  ssion
T ota l-d e term in atio n -co effic ien t R 2 0.91 0.01 _
L inearity -d e te rm in atio n -co effic ien t r H n. 0.83 > 0 .0 1 <  0.02 83.0
S q u are -d e term in atio n -co effic ien t r 2r s q u . 0.08 n o t sign ifican t 8.0
Polynom ial eq u atio n : Y  =  3.26 —2.74* + 1.2*2
+ D F  =  Degree of freedom
T he tw o fac to rs  defin ing  th e  reg ression  behave q u ite  d iffe ren tly . T he 
l in e a r i ty  reveals a p a ra lle l ru n  of th e  tw o  cu rves w hile no “ sq u a re ”  effect can  
b e  d e m o n s tra te d  am o n g  th e  fac to rs in flu en c in g /d e fin in g  th e  ac tio n  m echan ism  
o f  th e  a d ju v a n t a c tiv ity .
T he lin e a r ity , accord ing  to  th e  v a lu es  rep resen tin g  th e  d e te rm in a tio n - 
coeffic ien ts , ta k e s  i ts  sh are  of th e  a c t iv i ty  in  83% , in d ic a tin g  th a t  th e  d a ta  
o f  th e  re p e a te d  in v es tig a tio n s  p erfo rm ed  w ith  b o th  to x o id s  a re  p ra c tic a lly  
th e  sam e in  80% .
This also show s th a t  th e  a d ju v a n t a c t iv i ty  of Brucella  im m u n o stim u - 
la n ts  ex e rted  on th e  d evelopm en t o f  th e  p r im a ry  a n tito x ic - ty p e  im m u n ity  
seem s to  be a w ell-defined  and  ap p licab le  phenom enon .
T he above d a ta  are  in  full a g reem en t w ith  those  ach iev ed  d u rin g  o u r 
recen tly -p u b lish ed  ex p erim en ts  concern ing  th e  host-defence-increasing  a c tiv ity  
o f  im m u n o m o d u lan ts  o f Brucella  o rig in  (R é th y  e t al., 1980).
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COMPARISON OF THE LIVER RIOPSY SAMPLE 
AND THE “WHOLE LIVER” IN RESPECT 
OF LIPID CONTENT AND FATTY ACID 
COMPOSITION OF LIPIDS
T .  G a ÁL a n d  F .  H u S V É T H
D e p a r tm e n t o f M edicine, U n iv e rs ity  o f  V e te rin a ry  Science, 1078 B u d ap es t, L an d le r J .  u . 2 | 
and  D e p a r tm e n t of A n im al P h y sio logy , U n iv e rs ity  o f A gricu ltu ra l Sciences, 8361 K esz th e ly , 
h D eák  F . u . 16, H u n g a ry
(R eceived  N o v em b er 30, 1982)
P rio r  to  s lau g h te r, sam ples o f 0.08 to  0.15 g w ere ta k e n  from  th e  lobus c a u d a tu s  of 
th e  liv e r o f  9 cows b y  p e rcu tan eo u s  needle b iopsy . T w o to  th ree  h o u rs  la te r  th e  cows w ere  
s lau g h te red  an d  150—200 g o f fresh  liver tissu e  w as excised  fro m  each  of th e  le ft, in te rm e d ia te  
an d  r ig h t lobe of th e ir  livers, a n d  th e  sam ples w ere hom ogenized. T he lip id  c o n ce n tra tio n  of 
th e  liv e r b io p sy  sam ple a n d  t h a t  o f th e  hom ogenized  “ w hole liver”  p roved  to  be  n e a rly  id en tica l 
(45.76 a n d  45.27 g /kg  o f w e t liv e r  tissue , respec tiv e ly ). F o u rte e n  f a t ty  acids o f  th e  lip ids w ere 
id en tified  b y  gas ch ro m a to g rap h y . O f th ese , 13 show ed sim ilar percen tag es in  th e  lip ids o f th e  
b iopsy  sam p le  an d  in  th o se  o f  th e  “ w hole liv e r” . T h e  p ro p o rtio n  o f m y ris tic  acid  (C14 : 0), 
w hich w as p re sen t in  a  re la tiv e ly  low p e rcen tag e  (1 .0 —2 .5 % ), w as sig n ifican tly  h ig h er in  th e  
b io p sy  sam p le  th a n  in  th e  “ w hole  liver” . I t  is su g g ested  t h a t  th e  lip id  c o n te n t a n d  f a t ty  acid  
co m p o sitio n  of th e  liv e r b io p sy  sam ple  are  re liab le  in d ic a to rs  o f those  o f th e  “ w hole l iv e r” -
K eyw ords. L ip id  co n te n t, f a t ty  acid  com position , liv er b io p sy  sam p le , 
liver d iso rders, d a iry  cows.
In  d a iry  cows, d iso rders o f th e  lip id  m etab o lism  accom pan ied  b y  f a t ty  
in f il tra tio n  of th e  liv e r are  freq u en t. A ccu ra te  know ledge of th e  q u a n t i ty  an d  
com p o sitio n  o f h e p a tic  lip ids is an  im p o r ta n t  co n tr ib u tio n  to  in v es tig a tio n s  
in to  th e se  d iso rders. In  live an im als, h e p a tic  lip id s can  be d e te rm in ed  o n ly  in  
liver b io p sy  sam ples.
L iv e r b iopsy  is w idely  used  in  b o th  th e  diagnosis o f liv e r d iseases o f 
c a ttle  a n d  research  w ork  on h e p a to p a th ie s . T h e  b iop sy  sam ple can  be u sed  fo r 
m orpho log ica l (h isto logical) an d  chem ical ex am in a tio n s  as w ell. In  m a n y  cases 
th e  tw o  m eth o d s a re  u sed  s im u ltan eo u sly  fo r ex am in a tio n  o f th e  liv e r b io p sy  
specim en (Collins an d  R eid , 1980). N a tu ra lly , th e  ex am in a tio n  o f such  a sp e ­
cim en can  on ly  rev ea l diffuse h e p a to p a th ie s . In  liv e r  lesions o f focal c h a ra c te r , 
th e  d iag n o stic  va lu e  o f  h e p a tic  p u n c tu re  p e rfo rm ed  a t  ran d o m  depends on  
chance , i.e . on th e  fa c t th a t  n o rm al or p a th o lo g ica lly  a lte red  tissu e  sam ples 
are  o b ta in e d .
T h e  f a t ty  liv e r sy n d ro m e  an d  o th e r  h e p a to p a th ie s  o f m etab o lic  orig in  
are  a lw ay s diffuse. H ow ever, th e  chance  o f excising  a b iopsy  specim en t ru ly  
rep re se n tin g  th e  a c tu a l s ta tu s  o f  th e  w hole liv e r  is open  to  qu estio n . I t  shou ld
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b e  n o te d  th a t  a liv e r  b io p sy  sam ple, w h ich  is a lw ays excised from  th e  lobus 
c a u d a tu s , w eighs 0.1 to  5.0 g depend ing  on th e  ap p lied  b iopsy  p rocedure  (Am es 
e t  a l., 1980; H o lte n iu s , 1961; Loosm ore a n d  A llcro ft, 1951), w hile th e  w eigh t 
o f  th e  w hole liv e r is a b o u t 5 —6 kg.
T he above q u e s tio n  seem s to  be ju s tif ie d  in  th e  lig h t o f severa l re p o rts  
w h ich  in d ica te  t h a t  c e r ta in , p rim arily  in o rg an ic , su b stan ces are n o t u n ifo rm ly  
d is tr ib u te d  in  th e  liv e r . T he d ry  m a tte rs  o f  th e  r ig h t an d  left liver lobes of 
r a ts  w ere found  to  c o n ta in  d ifferen t co n c e n tra tio n s  o f Cu (H ayw ood, 1980). 
B in g ley  an d  D u fty  (1972) m ade sim ilar o b se rv a tio n s  concern ing  th e  Cu c o n te n t 
o f  th e  lobus c a u d a tu s  a n d  o f o th e r lobes o f  th e  ca lf  liver.
T he possible d ifferences in  th e  c o n c e n tra tio n  o f  lip id  frac tions b e tw een  
liv e r  lobes h av e  sca rce ly  been s tu d ied . O ’K elly  (1974) found  th a t  in  b ee f 
b u lls  th e  r ig h t an d  le f t  lobes of th e  liv e r  co n ta in ed  low er levels o f cho lestero l 
a n d  phospho lip id s a n d  show ed h igher free  c h o le s te ro l/to ta l cholestero l ra tio  
th a n  th e  in te rm e d ia te  lobe.
O ur ex p e rim en ts  w ere p erfo rm ed  to  d e te rm in e  th e  re la tio n sh ip  be tw een  
th e  b io p sy  specim en  ta k e n  from  th e  c a u d a te  lobe o f th e  bovine liv e r an d  th e  
hom ogen ized  tissu e  excised  in  large q u a n tit ie s  from  d ifferen t p a r ts  o f  th e  
liv e r  o f  th e  sam e a n im a l, in  respect o f th e ir  to ta l  lip id  co n ten t an d  f a t ty  ac id  
com p o sitio n  o f th e ir  lip id s . O ur aim  w as to  d e te rm in e  th e  re liab ility  o f th e  liv e r 
b io p sy  te c h n iq u e  as a n  in d ic a to r  of th e  w hole liv er lip id  s ta tu s .
M aterials an d  m ethods
N ine n o n -p re g n a n t cows aged 4 —5 y ears  an d  sen t fo r s lau g h te r due  to  
d iffe re n t causes (m a s tit is , leg d iso rders, in fe rtility )  w ere used. T he cows w ere 
H u n g a r ia n  F leck v ieh  a n d  H u n g a rian  F leck v ieh  x  H o lste in -F riesian  F 1 crosses, 
a n d  all o f th e m  h a d  p rev io u sly  been cu lled  because  o f ag a lac tia  o r low  m ilk  
p ro d u c tio n  (a few  li tre s  daily). T he cows w ere tra n sp o r te d  to  th e  a b a t to ir  
a n d  su b jec ted  to  p e rc u ta n e o u s  needle b io p sy  a fte r  a re s tin g  period  of 10-12 h , 
w hile  no feed w as a v a ila b le  for th em . T he b io p sy  w as perfo rm ed  in  th e  ea rly  
m o rn in g  hours, a f te r  in f il tra tio n  an a e s th e s ia  w ith  5 m l 2%  lidocaine h y d ro ­
ch lo rid e , acco rd ing  to  th e  tech n iq u e  describ ed  b y  H o rv á th  e t al. (1967). A fte r 
rem o v in g  n o n -p a re n c h y m a to u s  tissu es , b io p sy  sam ples w eighed 0.08—0.15 g.
T he cows w ere s lau g h te red  3—4 h  a f te r  sam pling . Im m e d ia te ly  a f te r  
s la u g h te r , fresh  liv e r  sam ples w ere excised  from  sev era l sam pling  sites o f th e  
le f t , in te rm e d ia te  a n d  r ig h t liver lobes, am o u n tin g  to  a to ta l  sam ple  w eigh t 
o f  150-200 g p e r lo b e , i.e . 450-600 g p e r  liv er. T he liv e r  sam ples w ere h om og­
en ized  in  a B IO M IX  la b o ra to ry  hom ogen izer a n d  freeze-stored  a t  —25 °C 
u n ti l  u sed  fo r fu r th e r  analysis. T he sam ples ta k e n  a f te r  s lau g h te r are  h e re in ­
a f te r  re fe rred  to  as “ w hole liv e r”  sam ples.
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T o ta l lip id  c o n te n t of th e  b iopsy  sam ples a n d  o f  th e  “ w hole liv e r”  
sam ples ta k e n  a f te r  s lau g h te r  w as d e te rm ined  b y  th e  m e th o d  o f F o lch  e t a l. 
(1957). T he 0 .08-0 .15  g b iop sy  sam ples w ere p rocessed  in  th e ir  e n tire ty , w hile  
o f th e  “ w hole liv e r”  sam ples 4 g q u a n titie s  w ere u sed  fo r processing.
F a t ty  ac id  co m position  o f lip id s e x tra c te d  fro m  liv e r  b iopsy  an d  “ w hole 
liv e r”  sam ples w as d e te rm in ed  b y  g as-ch ro m ato g rap h ic  analysis . F a t ty  ac ids 
o f lip ids e x tra c te d  in  ch lo ro fo rm -m eth an o l were e v a p o ra te d  an d  su b seq u en tly  
tran sfo rm ed  to  m e th y le s te rs  in  th e  presence o f su lp h u ric  acid as c a ta ly s t  
(C h a lv a rd jian , 1964).
F a t ty  a c id -m e th y le s te rs  w ere analysed  b y  gas ch ro m a to g rap h y  in  a 
CHRO M -42 a p p a ra tu s  as described  earlier (H u sv é th  e t  a l., 1982). T he q u a n ti­
ta t iv e  d e te rm in a tio n  o f  f a t ty  acids w as based  on m e asu rem en t of th e  areas 
b e n e a th  th e  p eak s rep re sen tin g  th e  d ifferen t co m p o n en ts , an d  th e  re su lts  
w ere expressed  in  p e rcen tag e  o f th e  to ta l  f a t ty  ac id  co n te n t.
On th e  w hole, th e  follow ing 14 f a t ty  acids w ere  id en tified : C 12 : 0, 
C 14 : 0, C 15 : 0, C 16 : 0, C 16 : 1, C 17 : 0, C 18 : 0, C 18 : 1, C 18 : 2, C 18 : 3, 
C 20 : 0, C 20 : 4, C 20 : 5, C 22 : 0. T he o th e r f a t ty  ac ids, p resen t in  low er 
q u a n titie s , w ere n o t id e n tif ie d ; th e se  are  m en tio n ed  as “ o th e r f a t ty  ac id s” .
S ta tis tic a l e v a lu a tio n  of th e  re su lts  was p e rfo rm ed  b y  using S tu d e n t’s 
p a ired  t te s t .
Results
T he lip id  c o n te n t o f th e  liv e r  b iopsy  sam ples a n d  o f th e  “ w hole liv e r”  
sam ples is show n in T ab le  I . B iopsy  sam ples an d  “ w hole liv e r”  specim ens gave 
p ra c tic a lly  id en tica l re su lts  in  re sp ec t o f th e ir  lip id  c o n te n t. T o ta l lip id  va lu es  
o b ta in ed  b y  us (45.76 an d  45.27 g /kg  o f w et liver tissu e ) co rrespond  to  average  
va lu es  o b ta in ed  fo r th e  liv e r o f n o n la c ta tin g  or low -p roduc ing  cows.
T he f a t ty  ac id  com position  o f  h ep a tic  lipids is show n in  T able I I .
Table I
Com parison of th e  b iopsy  sam ple and  th e  “ whole liv e r”  in  respect of 
lipid co n ten t in cows
L ip id
Biopsy sam p le
c o n ten t
“ W hole liver*’
M ean va lue , g /kg  w et liver tissue 45.76 45.27
S tan d ard  e rro r o f m ean  (SEM ) 2.38 0.92
Coefficient of v a ria tio n , % 15.6 6.1
N um ber o f sam ples 9 9
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Table П
Com parison of th e  b io p sy  sam ple a n d  th e  “ whole liver”  in  respec t o f f a t ty  acid 
com position o f  th e ir  lipids
F a t ty  acid P e rce n ta g e  o f  f a t ty  acid ±  s ta n d a rd  e rro r  
o f  m ean  (SEM ) Significance 
o f difference
N am e D esignation B io p sy  sam ple “ W hole l iv e r”
L a u rie  acid c 12 : 0 0.21 ± 0.02 0.20 0.02 N. S.
M yristic  acid c 14 : 0 2.45 ± 0.16 1.03 ± 0.09 P  <  0.001
P en tad ecan o ic  acid c 15 : 0 0.46 0.04 0.53 d z 0.03 N. S.
P a lm itic  acid c 16 : 0 15.86 ± 1.29 16.23 ~ r 1.06 N. S.
P a lm ito le ic  acid c 16 : 1 1.73 4 . 0.14 1.82 ± 0.12 N. S.
M arg aric  acid c 17 : 0 1.08 dh 0.09 1.11 0.07 N. S.
S te a ric  acid c 18 : 0 30.80 ± 0.65 31.00 ± 0.63 N. S.
O leic acid c 18 : 1 14.50 d z 1.10 15.20 ± 0.83 N. S.
L ino leic  acid c 18 : 2 10.77 ± 1.03 11.13 ± 1.05 N. S.
L ino len ic  acid c 18 : 3 0.95 ± 0.11 0.94 ± 0.13 N. S.
A rach id ic  acid c 20 : 0 0.37 ± 0 .0 5 0.36 - j- 0.05 N. S.
A rach idon ic  acid c 20 : 4 8.77 ± 0.49 8.72 ± 0.45 N. S.
E icosapen taeno ic  acid c 20 : 5 0.76 ± 0.17 0.68 ± 0.15 N. S.
B eh en ic  acid c 22 : 0 6.71 -JL 0.74 6.89 ± 0.74 N. S.
‘O th e r  f a t t y  acids” 4.58 ± 0.54 4.16 ± 0.36 N. S.
O f the  14 id e n tif ie d  f a t ty  ac ids, 13 show ed no s ig n if ic a n t difference 
(P >  0.05) in  re sp ec t o f  th e ir  p ro p o rtio n  in  lip ids o f th e  liv e r  b iopsy  sam ple 
a n d  th e  “ whole l iv e r”  specim en. S im ilar o b se rva tions w ere m ad e  on th e  t o t a  
p ro p o rtio n  of th e  “ o th e r  f a t ty  ac id s” . T he on ly  sign ifican t d ifference betw een  
f a t t y  acids of th e  b io p sy  sam ple a n d  o f  th e  “ whole liv e r”  w as in  th e  p ro p o r­
t io n  o f m yristic  ac id . A lthough  b o th  ty p e s  o f sam ples c o n ta in e d  m yristic  
a c id  in  a re la tiv e ly  low  p ercen tag e  (1 .0 -2 .5 % ), liver b iop sy  sam ples con ta ined  
s ig n if ic a n tly  (P  <  0.001) h igher a m o u n ts  o f i t  th a n  “ w hole liv e r”  sam ples.
D iscussion
A ccording to  th e  p re sen t re su lts , th e  lip id  co n ten t o f  th e  liver b iopsy  
sam p le  and  of th e  “ w hole liv e r”  p ro v ed  to  be p rac tica lly  id e n tic a l, suggesting  
th a t  th e  lipid c o n te n t o f th e  liv er b iop sy  sam ple was a re liab le  in d ica to r of 
th a t  of the  “ whole l iv e r” . In  m etabo lic  d isorders and  tox icosis  th e  liver u n d e r­
goes diffuse f a t ty  d eg en era tio n . T herefo re , in  these  cases th e  organ  can be 
consid ered  hom ogeneous, in  th e  sam e w ay  as th e  h e a lth y  livers exam ined  
b y  us.
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In  th e  e x am in a tio n  of hom ogeneous liv er tissu e , excision of co n n ec tiv e - 
tissue  se p ta  a n d  sm all b ilia ry  vessels to g e th e r  w ith  th e  b iopsy  sam p le  m ay  
c o n s titu te  a source o f erro r. T his p rim a rily  occurs i f  th e  b iopsy  is p e rfo rm ed  
“ a t  ra n d o m ” . H ow ever, tissues o f n o n p a ren ch y m a to u s  origin can  easily  be  
rem oved . In  d o u b tfu l cases, th e  chem ical analy sis  m u s t be acco m p an ied  b y  a 
s im u ltaneous h isto log ical ex am in a tio n . O nly  sam p lin g  from  la p a ro to m iz e d  
an im als is re liab le , w hich can be con tro lled  th ro u g h  th e  w ound of th e  a b d o m ­
ina l w all (A m es e t al., 1980). T his p ro ced u re  is, how ever, len g th y , lab o u rso m e  
an d  en ta ils  a considerab le  risk  o f in fec tion .
A nalysis o f th e  f a t ty  acid  com position  o f h e p a tic  lipids revealed  th a t  
only  m y ris tic  ac id  (€  14 : 0) w as p re sen t in  a s ig n ifican tly  d ifferen t p ro p o r­
tio n  in  th e  b io p sy  sam ple th a n  in  th e  “ w hole liv e r” . A t p resen t, no s a tis fa c to ry  
ex p lan a tio n  is av a ilab le  fo r th is  phenom enon . Since m y ris tic  acid  is a r e la t iv e ­
ly  sh o rt-ch a in  a n d  rap id ly  m etabo liz ing  f a t ty  ac id , possib ly  th e  few  h o u rs  
elapsed b e tw een  b iop sy  an d  s la u g h te r  m ay  h av e  acco u n ted  for its  p a r t ia l  
d isap p earan ce . All o th e r  f a t ty  acids (am ong th e m  th e  p red o m in an t C 16 : 0, 
C 18 : 0, C 18 : 1 an d  C 18 : 2) show ed p rac tica lly  id en tica l p ro p o rtio n  in  th e  
liver b iop sy  sam p le  and  in  th e  “ w hole liv e r” . T hus, th e  b iopsy  sam ple w as a 
re liab le  in d ic a to r  o f th e  w hole liv e r also in  re sp ec t o f th e  f a t ty  acid  com posi­
tio n  of lip ids. In  a prev ious w ork  (H u sv é th  e t a l., 1982) we found  s im ila r 
p ro p o rtio n s  o f C 16 : 1 an d  C 18 : 0 in  liv er b iop sy  sam ples of d a iry  cow s in  
the  p e r ip a r ta l period  as in  th e  p re sen t ex p erim en t. In  th e  p e rip a rta l p e rio d , 
th e  p e rcen tag e  o f f a t ty  acids C 14 : 0, C 18 : 2 an d  C 20 : 4 w as tw o - th ird , 
h a lf  an d  o n e -th ird , respective ly , o f th e  q u a n titie s  d e te rm in ed  in th e  p re se n t 
w ork. On th e  o th e r  h an d , in th e  p e r ip a r ta l period  C 16 : 0 and  C 18 : 1 show ed 
p ro p o rtio n s a p p ro x im a te ly  one-fifth  h igher th a n  th o se  found  in th e  p re se n t 
case. T he o b served  differences are due to  th e  d iffe ren t rep ro d u c tiv e  s ta tu s  
of th e  cows used  in  th e  tw o ex p erim en ts .
In  su m m ary , we can  s ta te  th a t  th e  liv er b io p sy  sam ple is a re liab le  
in d ica to r o f  th e  hom ogeneous “ w hole liv e r”  in  re sp ec t o f lip id  c o n te n t an d  
fa t ty  acid  com position . T he s ta tu s  of th e  h e a lth y  liv e r a n d  o f th a t  u n d erg o n e  
diffuse changes can  be follow ed closely b y  chem ical analysis  o f th e  b iop sy  
sam ple.
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CHANGES IN THE PLASMA CONCENTRATION 
OF SEXUAL STEROIDS IN DOMESTIC HENS 
[DURING FORCED AND HORMONALLY- 
-INDUCED MOLT
Z. S z e l é n Y i ,*  G. P e t h e s  an d  P .  P é c z e l y
D e p artm en t o f P hysio logy , U n iv e rsity  o f V e te rin a ry  Science, H-1400 B u d ap es t, P .O . B ox 2,
H u n g a ry
(R eceived  D ecem ber 17, 1982)
Changes in  th e  fu n c tio n  o f th e  o v a ry  w ere s tud ied  in  tw o g roups of hens su b jec ted  to  
ex p erim en ta l m olt. In  th e  f i r s t  group , fo rced  m o lt was induced  b y  b io techn ical m eth o d s 
(w ith d raw al of feed, d rin k in g -w ate r  a n d  lig h t, an d  decrease o f te m p e ra tu re ) . In  th e  o th e r 
group , m o lt was in d u ced  b y  ho rm o n al t r e a tm e n t  (p rogesterone a n d  tr iio d o th y ro n in e  (T3)). 
T he change of feath ers w as of d iffe ren t c h a ra c te r  in  th e  tw o groups.
T he co n cen tra tio n  of p ro g esterone  in  th e  b lood p lasm a in creased  sig n ifican tly  in  th e  
period  of fe a th e r loss, w hile  o th e r  sexual s te ro id s (tes to s te ro n e , 17-/9-oestradiol) were a t  low 
levels, a n d  oestrone even  decreased  sign ifican tly .
In  la te r  stages o f m o ltin g , a t  th e  tim e  of new  fea th e r o u tg ro w th , p rogesterone  concen­
tra t io n  ten d ed  to  decrease. T h is w as accom pan ied  b y  a  s ign ifican t rise  in  th e  levels o f oestrone 
an d  te s to s te ro n e . T he leve l o f 17-/?-oestradiol w as low  also in  th is  period .
T he au th o rs  suggest t h a t  th e  increase  o f p lasm a  p rogesterone  a t  th e  beginning of m o lt­
ing  m ay  be one of th e  fac to rs  responsib le  fo r inducing  th e  process. I n  th is  period , th e  low 
level o f 17-/3-oestradiol a n d  th e  s ign ifican t decrease  o f oestrone c o n ce n tra tio n  m ay  h av e  a 
perm issive  effect on p rogestero n e , th u s  fa c ilita tin g  th e  in itia tio n  o f m olting .
Keywords. M olting , sexual s te ro id s , p rogesterone  tre a tm e n t ,  tr i io d o th y ­
ron ine  tre a tm e n t.
In  th e  dom estic  h en , th e  n u m b e r of eggs la id  d u rin g  th e  ov iposition  
cycle is fu n d a m e n ta lly  in flu en ced  b y  th e  tim e  and  in te n s ity  o f  m olting . This 
ch a ra c te ris tic  physio log ica l p rocess o f b ird s  has been  s tu d ie d  ex tensively  for 
a long  tim e  b y  v a rio u s  ex p e rim en ta l app roaches. In it ia lly , th e  p rim a ry  re ­
sp o n sib ility  of th e  th y ro id  g land  w as suggested  (Cole a n d  H u t t ,  1928). L a te r  
on, th e  p rim a ry  in v o lv em en t o f o th e r  endocrine o rgans, su ch  as th e  p itu ita ry  
g land  (Ju h n  an d  H a rris , 1958), th e  ad ren a ls  (B rake  e t a l., 1979; P e rek  an d  
E ck ste in , 1959), or th e  gonads (H arris  an d  Shaffner, 1957; J u h n  an d  H arris , 
1956, 1958; T an ab e  e t a l., 1956) w as stressed .
P resu m ab ly , th e  co m plica ted  m echan ism  of m o ltin g  resu lts  from  an  
in te rre la tio n sh ip  of severa l horm ones, an d  n o t from  th e  fu n c tio n  of a single 
endocrine  organ. In  th e ir  in v estig a tio n s in to  th e  in fluence  o f th y ro id -ad ren a l 
in te ra c tio n , B rak e  e t al. (1979) fa iled  to  d e tec t an  u n eq u iv o ca l re la tio n sh ip .
* O utside  research  w o rk er a t  th e  D e p a r tm e n t o f Physio logy, U n iv e rs ity  of V e terin ary  
Science. P o s ta l address: 2347 B ugyi, C o-operative  F a rm  “ T essedik S ám u el” .
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I n  th e  lig h t of th e  li te r a tu r e  ava ilab le  so fa r, a ch a ra c te ris tic  in te ra c tio n  b e tw een  
th e  th y ro id  g land  a n d  gonads seem s to  rep re sen t th e  u n d e rly in g  m echanism  
o f  m o ltin g  (F a rn e r a n d  K ing , 1972). T he fu n c tio n a l in te ra c tio n  of th ese  tw o 
en d o crin e  organs a n d  i ts  associa tion  w ith  th e  process o f  m o ltin g  h av e  been  
s tu d ie d  b y  our re sea rch  te a m  in sev era l av ian  species (P éczely  an d  P e th es , 
1980 ,1982; P ethes e t  a h , 1982; Szelényi e t ah , 1980, 1981).
T he p resen t e x p e rim e n ts  w ere a im ed  a t  s tu d y in g  th e  changes of p lasm a 
co n cen tra tio n s  of se x u a l stero ids in  d iffe ren t stages o f m o ltin g  in  dom estic  
h en s  sub jec ted  to  fo rced  m o lt b y  b io tech n ica l m e th o d s  an d  b y  ho rm o n al 
t r e a tm e n t.
Materials and methods
In  the  firs t e x p e rim e n t, fo rced  m o lt was induced  in  63 weeks old H ybro  
p a re n t  hens b y  w ith d ra w a l o f feed , d rin k in g -w a te r a n d  lig h t, an d  b y  
d ecreasing  the  a m b ie n t te m p e ra tu re . T he techno logy  o f  forced m olt w as 
described  prev iously  (P e th e s  e t ah , 1982; Szelényi e t ah , 1981). B lood sam ples 
w ere collected w eekly  from  a re p re se n ta tiv e  group of 7 b ird s  on each occasion. 
T h e  f irs t blood sam p lin g  w as perfo rm ed  a t  th e  b eg inn ing  o f th e  ex p erim en t. 
T h e  second (day 7) a n d  th ird  (d ay  14) blood sam ples w ere w ith d raw n  a fte r  
th e  loss of con tour fe a th e rs  an d  dow n fea th e rs . B y d ay  21, th e  dow n fea th e rs  
h a d  grow n out again  in  th e  cerv ical and  th o rac ic  reg ion , an d  o f th e  co n to u r 
fe a th e rs  th e  p in ions h a d  reap p ea red . B y  th e  la s t b lood -sam pling  (day  35) 
a ll b ird s  had  acq u ired  a com plete  new  fea th erin g .
Egg p ro d u c tio n  o f  th e  hens w as 37%  a t  th e  beg in n in g  o f th e  ex p erim en t. 
In  fo rced  m olt, th e  la y e rs  ceased to  p roduce  eggs w ith in  1 —2 days. In  th e  
o v ip o sitio n  cycle fo llow ing  m olt, p ro d u c tio n  reached  50 %  in  th e  13 th  w eek.
The second e x p e rim e n ta l g roup  inc luded  7 hens se lec ted  from  a 49 
w eeks old H ybro  p a re n t  s to ck  k e p t on deep l i t te r . T h e  ex p erim en ta l b ird s  
w ere  k e p t in  an  enclosed  a rea  of 8 m 2 in  th e  lay e r house, th u s  th e y  were exposed  
to  th e  sam e e n v iro n m e n ta l fac to rs  as th e  w hole lay in g  s to ck  o f 4800 hens. 
T h e  ligh ting  p ro g ram m e consisted  o f a lig h t period of 18 h  an d  a d a rk  period  
o f  6 h . A m bient te m p e ra tu re  w as 12-16  °C in  th e  la y e r  house d u rin g  th e  
ex p e rim en t. D rin k in g -w a te r  was g iven  ad  lib itu m . L ay in g  hens were g iven a 
d a ily  ra tio n  of 0.152 kg  lay e r feed -j- 0.010 kg b a rley ; th e  ex p e rim en ta l g roup  
rece iv ed  the  sam e feed ing .
Egg p ro d u c tio n  o f  th e  lay in g  s to ck  w as 57%  a t  th e  beg inn ing  of th e  
ex p e rim en t. The ran d o m ly -se lec ted  lay e rs  ceased to  la y  eggs on th e  second 
d a y  o f horm onal tr e a tm e n t .
The ex p e rim en ta l b ird s  w ere g iven 5 m g p ro g este ro n e  (G landucorp in  
o il-em ulsion in jec tio n , G. R ich te r  P h a rm a c e u tic a l W orks, B u d ap est) i.m . an d
0.02 m g lio th y ro n in u m  hyd ro ch lo ricu m  (L io th y ro n in e  ta b le ts , G. R ich te r
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P h a rm a c e u tic a l W orks, B u d ap est)  p e r os daily , fo r 21 d ay s . M olting b eg an  
on th e  10 th  d a y  o f tr e a tm e n t,  a n d  b y  th e  35 th  d a y  th e  b ird s h ad  acq u ired  
a com plete  new  fea th e rin g . H o rm o n a lly -in d u ced  m o lt h a d  a less d ra s tic  effect 
th a n  forced  m o lt. T he s tages o f  fe a th e r  exchange ( fe a th e r  loss, and  o u tg ro w th  
o f  new  fea th e rin g ) w ere n o t d e m a rc a ted  so sh arp ly , a n d  th e  process w as m ore 
s im ila r to  n a tu ra l  m o ltin g  th a n  fo rced  m o lt. On th e  4 9 th  d a y  o f th e  e x p e ri­
m en t, 50%  o f th e  tre a te d  s to ck  h a d  a lread y  come in to  lay . B lood sam ples 
w ere ta k e n  w eekly  from  th e  e x p e rim e n ta l b irds.
A ll b lood  sam ples w ere cen trifu g ed  a t  3000 rp m  a n d  th e  p lasm a  w as 
s to red  a t  —20 °C u n til  used. P la sm a  sam ples w ere fra c tio n a te d  b y  c h ro m a to ­
g ra p h y  on a S ephadex  L H -20  co lum n  and  assayed  fo r  th e  follow ing sex u a l 
ste ro id s  b y  sim u ltan eo u s rad io im m u n e  analysis (Péczely  e t  a l., 1980): p ro g e s te ­
rone  (P B O G ), te s to s te ro n e  (T E ST ), oestrone  ( E J  a n d  17-/?-oestradiol ( E 2).
R esults
E xperim en ta l group N o. 1 (forced m olt). Soon a f te r  th e  beg inn ing  o f 
th e  ex p erim en t, th e  p lasm a level o f P R O G  increased s ig n ifican tly , follow ed b y  
a g rad u a l decrease. T he c o n c e n tra tio n  decrease found  a t  th e  end o f th e  e x p e ri­
m e n t w as s ign ifican t.
T he p lasm a levels o f T E S T  w ere high in  th e  la s t tw o groups (a t th e  
tim e  o f new  fe a th e r  o u tg ro w th ), an d  th e  rise was s ig n if ican t as c o m p ared  
to  th e  v alues fo u n d  on d ay  14.
A c t a  V e te r in a r ia  H u n g a r ic a  3 1 , 1 9 8 3
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O f th e  oestrogens, E 2 was a t  a low level th ro u g h o u t, while th e  E t 
levels show ed a s ig n ifican t decrease follow ed b y  an  increase  para lle l w ith  th a t  
o f T E S T  from  d a y  14 onw ards (F ig. 1).
E xperim en ta l group N o. 2 (horm onally-induced m o lt). T re a tm e n t induced  
a m ark ed  rise in  th e  p lasm a  level o f  P R O G , w hich rem ain ed  h igh  u n til  a 
s ig n ifican t d ro p  in  a la te  p h ase  o f th e  ex p erim en t. P la sm a  co n cen tra tio n  of 
T E S T  increased  in  th e  la s t th ird  of tre a tm e n t, in  th e  period  of new  fe a th e r 
o u tg ro w th  (from  d ay s  28-35  onw ard ). In  th is  period , E x show ed a sim ilar 
increase , w hich follow ed th e  sig n ifican t decrease o f th e  E t co n cen tra tio n  
observed  a t  th e  beg in n in g  o f th e  ex p erim en t. E ,  w as a t  a low  level th ro u g h o u t 
th e  ex p erim en t (F ig . 2).
Discussion
T he im p o r ta n t  ro le o f P R O G  in m o ltin g  is in d ica ted  b y  d a ta  of th e  l i te ra ­
tu re  on successful in d u c tio n  of m o lting  w ith  th is  ho rm o n e  (A dam s, 1956; H a r ­
ris an d  S haffner, 1957; J u h n  an d  H arris , 1956). In  o u r ea rlie r in v es tig a tio n s  
(P e th es  e t ah , 1982; Szelényi e t ah , 1981), we also o b serv ed  a rise in  th e  p lasm a  
c o n cen tra tio n  o f  P R O G  a t  th e  beg inn ing  o f m olting , in  th e  period  o f  fe a th e r  
loss. A p a rt from  th e  above  au th o rs , on ly  F u rr  (1973) m easu red  th e  p lasm a 
levels o f P R O G  in  m o ltin g  hens, a n d  found  low  P R O G  co n cen tra tio n s  in 
th ese  b ird s. H ow ever, since th is  la t te r  in v es tig a tio n  w as n o t ex ten d ed  to  
th e  w hole process o f m o ltin g , i t  c a n n o t be excluded  th a t  th e  d e te rm in a tio n  
o f P R O G  w as perfo rm ed  in  th e  period  w hen th e  P R O G  level was a lre a d y  low .
In  b o th  e x p e rim e n ta l g roups o f th e  p resen t s tu d y , a sign ifican t rise  o f 
p lasm a P R O G  levels o ccu rred  in  th e  period  o f fe a th e r  loss. This rise w as n o t 
follow ed b y  o v u la tio n , a n d  ov ipositio n  was also co m p le te ly  ab sen t. T h is is 
rem ark ab le  since in  lay in g  hens th e  p lasm a c o n c e n tra tio n  o f PR O G  is know n  
to  reach  a p eak  4 to  7 h  befo re  o v u la tio n , o therw ise i t  is ch a rac te rized  b y  low 
base  values (F u rr  e t a l., 1973; L aq u ë  e t  al., 1975; Péczely  e t al., 1980; S h ab ab i 
e t a l., 1975). T he b ird s  o f o u r co n tro l g roups show ed th e se  base levels. S u b ­
seq u en tly , th e  p lasm a  level o f P R O G  increased , rem a in ed  co n sis ten tly  h igh  
an d  d id  n o t show  an  a b ru p t  p re o v u la to ry  peak . T his w as responsib le  fo r th e  
com plete  absence o f o v u la tio n  an d  ov iposition . T he co n sis ten tly  h igh  P R O G  
level can  be a t t r ib u te d  p a r t ly  to  ho rm o n al in te rac tio n s  elic ited  b y  th e  c o n tin ­
uous in fluence  o f e n v iro n m e n ta l fac to rs  (“ s tre ss” ), p a r t ly  to  th e  slow a b ­
so rp tio n  o f th e  o il-em ulsion  P R O G  p re p a ra tio n  given in tra m u sc u la rly .
O n th e  basis o f th e  p re se n t exp erim en ts , o f  o u r earlier re su lts  
(P e th es  e t ah , 1982; Szelényi e t ah , 1981) an d  d a ta  of th e  lite ra tu re  (A dam s, 
1956; H a rris  an d  S chaffner, 1957; J u h n  an d  H arris , 1956), th e  increase o f  P R O G  
co n c e n tra tio n  occu rrin g  a t  th e  beg inn ing  o f m o lting  m a y  be one o f th e  fac to rs
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re sp o n sib le  for in d u c in g  th e  process of m o ltin g . P re su m ab ly , P R O G  is one 
o f th e  fac to rs  w hich, a c tin g  d irec tly  on th e  pap illae , cause d ep lu m atio n .
I n  our s tu d y , se x u a l ste ro id s  o th e r  th a n  PR O G  show ed low p lasm a 
c o n c e n tra tio n s  in th e  p e rio d  o f fe a th e r  loss. O f th ese , th e  low  co n cen tra tio n  
o f E j  developed  a fte r  a  s ig n if ican t d rop . T h is is in  acco rdance  w ith  th e  m olt- 
in h ib itin g  effect o f exogenous oestrogens th a t  has been  p resu m ed  fo r a long 
tim e  (O nish i et ah , 1955; T an ab e  an d  K a tsu ra g i, 1962). T h e  above find ing  
also ag rees well wTith  th e  re su lts  o f J u h n  a n d  H arris  (1956), w ho rep o rted  
t h a t  te s to s te ro n e  p ro p io n a te  induced  m o ltin g  o n ly  w ith  a considerab le  delay . 
T h e y  suggested  th a t  in  th is  case m o ltin g  w as n o t  due to  a d irec t s tim u la to ry  
e ffec t o f T E ST , b u t  to  a la te r  reac tio n .
E 0 w as a t a low  b ase  level th ro u g h o u t th e  ex p erim en ts . On th e  o th e r 
h a n d , th e  co n cen tra tio n  o f  E x and  T E S T  in creased  s ig n ifican tly  in  th e  period  
o f  new  fe a th e r o u tg ro w th . W e assum e th a t  th e se  h igher h o rm o n e  levels ac t 
u p o n  th e  ou tg row th  o f new  fea th e rin g  an d  “ p re p a re ”  ce rta in  o rgans (ov iduct, 
m e d u lla ry  bone) of la y in g  hens for physio log ica l processes associa ted  w ith  
eg g -lay ing . In  lay in g  h en s , P e tte rso n  an d  C om m on (1972) d e tec ted  regu la r, 
w h ile  o th e rs  (L aquë e t a l., 1975; Péczely  e t a l., 1980; Senior, 1974) irreg u la r 
o e s tro g e n  peaks. T he ro le  o f these  p eak s h as  n o t been e lu c id a ted  y e t, b u t  i t  
is p re su m e d  th a t  th e y  a re  n o t p rim arily  re la te d  to  ovu la tio n .
A s opposed to  o th e r  au th o rs , E tc h e s  an d  C unn ingham  (1977) suggested  
t h a t  in  lay ing  hens T E S T  p lay s a p r im a ry  ro le  in  trig g erin g  th e  p reo v u la to ry  
L H  p e a k . H ow ever, in  o u r ex p erim en ta l g roups th e  s ig n ifican t rise in  th e  
p la sm a  co n cen tra tio n  o f T E S T  w as n o t fo llow ed b y  o v u la tio n  an d  a new  lay ing  
cycle .
T h  ese o b se rv a tio n s are  in  acco rdance  w ith  re su lts  o f o th e r  au th o rs  
(P é c z e ly  e t al., 1980; S h a b a b i e t a l., 1975), w ho rep o rted  irre g u la r  peaks in 
th e  p la sm a  co n c e n tra tio n  o f T E S T  d u rin g  th e  o v u la tio n  cycle o f th e  lay ing  
h en . T hese  resu lts  q u e ry  th e  p rim a ry  ro le o f  th is  horm one in  th e  reg u la tio n  
o f  o v u la tio n .
I n  conclusion, th e  s ig n ifican t d rop  o f E x level a t  th e  beg inn ing  o f th e  
e x p e rim e n t (a t th e  t im e  o f fe a th e r  loss) m u s t also be considered  im p o rta n t. 
T h e  low  levels o f th e se  sex u a l stero ids h a v e  a perm issive in fluence  on th e  
in c re a se d  PR O G  c o n c e n tra tio n , th u s  ren d e rin g  possible th e  in itia tio n  o f 
m o ltin g .
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COLD-EXPOSURE-ELICITED MODIFICATIONS 
IN THE THYMUS, BURSA OF FABRICIUS, 
ADRENALS AND BLOOD OF CHICKENS
R o d ica  G i u b g e a , D. C o p r e a n  an d  C . W i t t e n b e r g e r  
B iological R esearch  C entre, 3400 C lu j-N apoca, s tr .  Clinicilor 5 — 7, R o m an ia
(R eceived D ecem b er 30, 1981)
S tu d ler-C o rn ish  chickens aged 1, 4, 12 a n d  30 d ay s w ere m ain ta in ed  a t  4 °C d u rin g  
40 m in , w ith  a “ w a rm ”  in te rv a l o f 10 m in , a n d  k illed  e ith e r im m ed ia te ly  th e re a f te r  o r a f te r  
tw o hours. W eig h t o f th e  th y m u s an d  b u rsa  o f  F ab ric iu s , and  th e ir  co n te n t o f g lycogen an d  
free am ino n itro g en , ad ren a l c o n ten t o f asco rb ic  acid  a n d  glycogen, an d  serum  cho lestero l 
co n cen tra tio n  fa iled  to  show  a clear stress s ta te ,  th o u g h  some in v o lu tio n  p h en o m en a  w ere 
found  in  th e  b u rsa  o f  4 -day-o ld  chickens. M o d ifica tions are ag e-dependen t, especially  in  
30-day-old b irds be ing  h igh ly  d ifferen t fro m  th o se  a t  o th e r  ages. A cold ac tio n  v ia  th e  th y ro id  
r a th e r  th a n  th e  a d ren a l co rtex  is supposed in  y o u n g  chickens.
Keywords. Cold exposure, ch icken , changes in  th y m u s , b u rsa  o f F a b r i­
cius, ad rena ls , b lood , age-dependency .
T he effec ts o f  cold upon  th e  a v ia n  organ ism  h av e  been  in v e s tig a te d  
w idely. T he g lycogen  u tiliza tio n  in  th e  ske le ta l m u scu la tu re  is en h an ced  
(L aw rie, 1966; P a rk e r  and  George, 1974, 1975), im m unobio logical processes 
are  depressed  (R ao  a n d  Glick, 1977; T h a x to n , 1978), an d  enzym e a c tiv itie s  
an d  tissu e  com po sitio n  are con sid erab ly  m od ified  in  cold (D av id  an d  Z o lm an , 
1971; G iurgea a n d  M anciulea, 1975; L aw rie , 1966; M anciulea e t a l., 1976; 
Moss an d  B a ln av e , 1978).
H av in g  in  m in d  th e  p ra c tic a l im p o rta n c e  of such s tud ies fo r in ten siv e  
av ian  rea rin g , we in v es tig a ted  som e re a c tio n s  of th e  ch ick en ’s o rgan ism  to  
cold exposure  d u rin g  th e  f irs t m o n th  a f te r  h a tch in g .
Materials and m ethods
E x p e rim e n ts  w ere done on te tra l in e a r  h y b rid  S tu d ie r —Cornish chickens* 
aged  1, 4, 12 a n d  30 days. T hree g ro u p s, each  consisting  o f 8 ch ickens, w ere 
fo rm ed  fo r each  age. G roup A: c o n tro l g ro u p , k e p t a t  22 °C th ro u g h o u t;  
g roup  B : k e p t  fo r  20 m in  a t  4 °C, th e n  fo r  10 m in  a t  22 °C an d  fo r a n o th e r  
20 m in  a t  4 °C. T hese chickens w ere k illed  im m ed ia te ly  a fte r  th e  second ex p o ­
sure  to  cold. G roup  C w as k e p t as g roup  B , b u t  th e  chickens w ere k illed  tw o 
hours a fte r  th e  second  cold exposure. T h e  re a rin g  cond itions w ere th e  sam e 
as in  av ian  fa rm s. T h e  chickens w ere fed  w ith  s ta n d a rd , ag e -fitted  co n c e n tra ted
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fo d d er. W a te r  w as g iven  ad  lib itu m . F o o d  w as w ith d raw n  during  th e  la s t  
18 h  befo re  k illing . T h e  an im als w ere k illed  b y  d e c a p ita tio n . T he organs w ere  
q u ic k ly  excised a n d  w eighed on a to rs io n  ba lan ce . G lycogen c o n te n t w as 
d e te rm in e d  (M ontgom ery , 1957) in  th e  th y m u s , th e  b u rsa  o f F ab ric iu s  (in  th e  
fo llow ing, b u rsa) a n d  th e  rig h t a d re n a l; free  am ino-acid  n itro g en  (R ác, 1959) 
in  th e  th y m u s  an d  b u rsa , an d  asco rb ic  ac id  (K lim ov , 1957) in  th e  le ft ad ren a l. 
C holestero l w as d e te rm in ed  (Zak, 1954) in  th e  serum .
M ean va lu es  fo r each age, g ro u p , o rg an  an d  p a ra m e te r  w ere checked  
fo r ho m o g en e ity  b y  C h au v en e t’s c r ite r io n , a b e r ra n t in d iv id u a l va lues w ere 
d e le ted . S tu d e n t’s t te s t  w as used  fo r com p ariso n  an d  P  =  0.05 was considered  
th e  th re sh o ld  for s ta tis t ic a l  sign ificance. D ifferences of В an d  C values a g a in s t 
A w ere ca lcu la ted , a n d  expressed in  p e r  cen t.
Table I
C ontrol values in  th y m u s , bursa  o f F ab ric iu s , adrenals , an d  blood serum  of chickens
Age (days) 1 4 12 30
B ursa o f  Fabricius
G lycogen 1.64 ± 0 .1 3 0.86 ±  0.10 0.40 ± 0 .1 1 0.48 ±  0.06
(m g/g)
F ree  am ino acids 27.95 ±  5.23 41.40 ±  10.70 19.40 ±  4.48 0.56 ±  0.12
(m g/100 g) 
W eig h t 51.42 ±  0.16 53.68 ± 4 .1 9 77.93 ±  17.98 220.93 ±  26.48
(m g)
Thym us
G lycogen 1.07 ± 0 .1 2 0.81 ±  0.09 1.03 ±  0.21 0.77 ± 0 .1 0
(m g/g)
F ree  am ino acids 12.74 ±  2.89 25.37 ±  5.78 18.71 ±  1.52 0.91 ±  0.13
(m g/100 g) 
W eig h t 121.12 ±  12.32 110.82 ±  10.08 151.81 ±  23.30 202.68 ±  21.64
(m g)
A drenals
G lycogen 4.42 ±  0.53 2.27 ±  0.32 0.97 ±  0.04 0.51 ±  0.07
(m g/g)
A scorbic acid 17.20 ±  1.81 22.42 ±  0.85 13.90 ±  0.90 29.90 ±  1.61
(/tg/gland)
Blood serum
C holesterol 635.14 ±  21.18 592.71 ±  22.30 235.12 ±  25.83 199.50 ±  12.13
(m g/100 ml)
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R esults
T h e  m eans ^  s ta n d a rd  erro rs fo r th e  th y m u s, b u rsa , ad renals  an d  b lo o d  
se rum  o f con tro l ch ickens a re  p re se n te d  in  T able I . T h e  n u m b e r of in d iv id u a l 
values w as 7 or 8.
M odifications in  th e  th y m u s  an d  b u rsa  are  g iven  in  F igs 1 an d  2.
T h y m u s w eig h t increased  in  co ld-exposed 1 -day -o ld  chickens b y  4 4 %  
in  g roup  C; b u rsa  w eigh t a t  th e  sam e age b y  22%  in  g ro u p  B. A  w eight decrease  
w as o b se rv e d in  th e  b u rsa  o f 4 -day -o ld  chicks ( —21%  in  g roup  C). T he o th e r  
d ifferences are n o t  sig n ifican t. G lycogen co n cen tra tio n  w as increased  in  th e  
th y m u s  o f 4 -day-o ld  chicks (group  В an d  C), and  o f 12-day-o ld  ones (group
*
F ig. 1. M odifications in  th e  b u rsa  o f F ab ric iu s  o f cold-exposed chickens (percen tage  differences 
vs. con tro l values). W h ite  colum ns: group  B ; s tr ia te d  colum ns: g ro u p  C; *: s ta tis t ic a lly
sign ifican t differences, P  <  0.05
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F ig . 2. 
c o n tro l
M odifications in  th e  th y m u s of co ld-exposed  chickens (p e rcen tag e  differences vs. 
values). W hite  co lu m n s: group B, s tr ia te d  co lum ns: group C; *: s ta tis t ic a lly  s ign ifican t
d ifferences, P  <  0.05
ascorbic acid glycogen
F ig. 3. M odification in  th e  ad renals o f co ld-exposed  chickens (p e rcen tag e  differences vs. 
co n tro l values). W h ite  co lu m n s: group B ; s tr ia te d  co lum ns: group  C; *: s ta tis tic a lly  s ig n ifican t
d ifferences, P  <  0.05
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%
Fig. 4. M odifications in  th e  serum  cholestero l co n cen tra tio n  of cold-exposed chickens (p e rc e n t­
age differences vs. co n tro l values). W h ite  co lum ns: group B ; s tr ia te d  colum ns: group  C; 
*: s ta tis t ic a lly  sig n ifican t differences, P  <  0.05
В on ly ); a s ig n ifican t decrease w as n o ticed  for 30-day  an im als of th e  sam e 
group . T he u n iq u e  s ig n ifican t ch an g e  in  th e  glycogen c o n c e n tra tio n  o f th e  
b u rsa  w as an  increase in  g roup  C o f 4 -d a y  chickens. F ree  am ino-acid  n itro g en  
c o n cen tra tio n  show ed no s ig n if ic a n t change fo r th e  th y m u s . In  th e  b u rsa , 
la rge  decreases occu rred  in  th e  one- an d  12-day g roups, an d  g rea t increases 
in  th e  four- an d  30-day  ones.
As show n in  F ig . 3, th e  o n ly  sig n ifican t m o d ifica tio n  o f th e  ad ren a l 
ascorb ic  ac id  co n c e n tra tio n  w as a 2 2 %  increase in  th e  30 -day  chickens of 
g roup  C. T he glycogen c o n c e n tra tio n  show ed a 35%  decrease in  th e  one-d ay  
chickens o f g roup  C an d  a 4 5 %  in crease  in  th e  30-day  ch ickens of g roup  B.
B lood serum  cho lestero l c o n c e n tra tio n  (Fig. 4) w as n o t s ign ifican tly  
m odified . O nly  in  4 -d ay  ch ickens o f  g roup  B, a 20%  in crease  occurred .
Discussion
O ur resu lts  show  th a t  th e re  are  differences in  th e  re a c tio n  to  cold, on 
th e  one h a n d  betw een  b o th  ly m p h o id  o rgans, on th e  o th e r  h an d  b e tw een  
chickens o f d iffe ren t ages. T h e  w eig h t o f  b o th  th e  th y m u s  an d  th e  b u rsa  
increased  in  1-day  ch ickens; how ever, w hile th e  m o d ifica tio n  is v e ry  fa s t  in  
th e  case o f th e  la t te r  (20%  in crease  in  less th a n  an  h o u r), th e  reac tio n  o f th e  
fo rm er becam e sig n ifican t o n ly  in  th e  period  o f recovery  (i.e., in  g roup  C). 
In  o lder ch ickens, no s ig n ifican t w eig h t increase o ccu rred  in  e ith e r  o rgan .
Som e o f th e  changes m ig h t su g g est a s ta te  of s tress (P o ra  e t a l., 1968; 
T om a a n d  G iurgea, 1974): th e  in crease  o f glycogen c o n cen tra tio n  o f th e  th y m u s  
in  4- a n d  12-day  chickens (g roup  B ), a n d  th e  loss o f w eigh t o f th e  b u rsa  in  
4 -d ay  ones (group  C). N ev erth e less , as th e re  w as no decrease in  th e  ascorb ic  
acid  co n c e n tra tio n  in  th e  ad ren a ls , i t  is possible th a t  no s tress occu rred  an d
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t h a t  th e  changes in  th e  ly m p h  organs w ere n o t m e d ia ted  b y  a glucocorti- 
co s te ro id  h y p ersec re tio n .
I f  th e  changes o b se rv ed  in  th e  ly m p h  o rgans are  n o t  m an ifesta tio n s 
o f  a stress, th e  m ech an ism  b y  w hich  cold affects th e  th y m u s  an d  th e  b u rsa  
d eserv es  in te rest. A p ossib le  p a th w a y  is t h a t  assum ed  b y  R ao  an d  Glick 
(1977): h y p o th a la m u s -h y p o p h y s is - th y ro id . In  o u r op in ion , th e  in vo lvem en t 
o f  th e  th y ro id  is p la u s ib le , as th is  o rgan  p lay s a ro le in  s tress ev en ts  (K uzm ak , 
1982). T hyro id  is a lre a d y  fu n c tio n in g  in  th e  em bryo  (H an sb o ro u g h  an d  K h am , 
1951) and  its  p a r t ic ip a tio n  in  th e rm o re g u la tio n  has been  show n in new ly- 
h a tc h e d  chickens (F re e m a n , 1971), m eanw hile  th e  h y p o th a la m u s-h y p o p h y s is -  
—a d re n a l axis does n o t  re a c h  m a tu ra tio n  u n til  th e  age o f th re e  w eeks (A v ru tin a  
a n d  K isljuk , 1978).
A nother possib le  p a th w a y  m ig h t be led  b y  th e  a d re n a l m edulla . T he 
ca tech o lam in e  c o n c e n tra tio n  o f th e  b lood  rises u n d e r th e  ac tio n  of th e  cold 
( J o re n e n  et al., 1976). L ite ra tu re  co n ta in s  v a rio u s  view s concern ing  th e  
m ech an ism  b y  w h ich  co ld  exposure  a c tiv a te s  th e  a d re n a l m edu lla , v ia  th e  
th y ro id ,  or v ia  th e  sy m p a th e tic  nervous system  (D av id  an d  Zolm an, 1971; 
F re e m a n , 1971; L aw rie , 1966).
As a th ird  p o ss ib ility , th e  ad ren a l co rtex  m ig h t be  invo lved , even if, 
in  so young ch ickens, th e  m echan ism  is n o t a ty p ic a l s tress. A su p p o rt for 
th is  view  m ight be  th e  increase  of th e  ascorb ic  acid  level in  th e  ad renals 
d u r in g  th e  recovery  f ro m  th e  cold aggression (group  C); th is  increase, occurring  
a t  th e  m a jo rity  o f th e  ages in v es tig a ted , m ig h t be in te rp re te d  as an  “ o v er­
s h o o t”  after a p rev io u s  decrease, w hich w as n o t no ticed  in  o u r exp erim en ta l 
schedu le .
Of course, o u r re su lts  can  b u t  u n d erlin e  th e  possib le com p lex ity  of th e  
p a th w a y s  and  m ech an ism  o f ac tio n  o f th e  cold exposure  in  chickens, as well 
a s  th e ir  p ronounced  age-dependence . On th e  o th e r  h a n d , m odifica tions like 
th o s e  we noticed in  th e  th y m u s  an d  th e  b u rsa  m ig h t su b s ta n tia te  th e  ex isting  
d a ta  on a lte ra tio n s  in  th e  im m unolog ical c a p a c ity  of cold-exposed y o ung  
ch ick en s (T h ax to n , 1978).
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EFFECTS OF TYPE AND INTENSITY OF ASSISTANCE 
ON ACID-BASE BALANCE OF NEWBORN CALVES
O. S z E N C I
D e p a r tm e n t and  Clinic o f O b ste tric s, U n iv e rsity  o f V e te rin a ry  Science,
H-1078 B u d ap es t, L an d ler J .  u. 2, H u n g a ry
(R eceived  J a n u a ry  21, 1983)
T he acid—b ase  b a lan ce  of 106 n ew born  calves rem oved  b y  tra c tio n  or C aesarean sec tion  
in  an te rio r o r p o s te r io r  p re sen ta tio n  fro m  p rim i- or m u ltip a ro u s cows w as ex am ined . Calves 
in  an te rio r p re se n ta tio n  b o rn  by  tra c tio n  w ere d iv ided  in to  tw o su b g ro u p s : e x tra c te d  b y  m o d e­
ra te  or in ten siv e  a ssistan ce .
B esides d is tu rb an c es  of d iap la ce n ta l c ircu la tio n  i t  was th e  w ay  of assistance  w hich  
in fluenced  th e  a c id -b a se  ba lance  of n ew born  calves du ring  th e  f ir s t  10 m in  of life. In  th e  case 
o f trac tio n  i t  is th e  d u ra tio n  of th e  passage  th ro u g h  th e  b ir th  c an a l an d , w ith in  th is  p eriod , 
th e  d u ra tio n  of th e  com pression  of th e  u m bilica l cord w hich  m ay  p la y  a decisive role.
K eyw ords. T y p e  and  in te n s ity  o f assistance , a c id -b a se  ba lan ce , n ew born  
calves.
A t b ir th  m am m als  are  exposed  to  h y p o x ia  an d  to  th e  acidosis re su ltin g  
from  th e  u te ro -p la c e n ta l c ircu la tio n  being  d is tu rb ed  b y  ru p tu re  o f m em branes 
an d  c o n tra c tio n  o f  th e  u te ru s . T he degree of h y p o x ia  a n d  acidosis depends 
on th e  len g th  o f  th e  period  b e tw een  th e  com plete  s e p a ra tio n  from  th e  d a m ’s 
b lood  c ircu la tio n  a n d  th e  s ta r t  o f sp o n tan eo u s re sp ira tio n , an d  on th e  degree 
o f  d is tu rb an ce  o f  d iap lacen ta l gas exchange during  calv ing  (W alser and  M a u re r-  
Schw eizer, 1978). E v e n  in  case o f n o rm a l calv ing , a ll n ew b o rn  calves suffer 
from  a slig h t, com b in ed  re sp ira to ry  an d  m etabo lic  acidosis, w hich develops 
g rad u a lly  d u rin g  ca lv in g ; th e  p H  does n o t drop below  7.2 an d  its  p o s tn a ta l  
com pensation  is  fa s t  (A m m ann  e t al. 1974; B o d en b erg er, 1979; E ic h le r -  
S te inhauff, 1977; M aurer-S chw eizer e t a l., 1977a; M oore, 1969; S chlerka e t 
a l., 1979; Szenei e t ab , 1982).
In  th e  p re se n t s tu d y  w e a t te m p te d  to  answ er th e  follow ing qu es­
tio n s : to  w h a t e x te n t  does th e  ty p e  o f o b ste trica l a ss is tan ce  ( tra c tio n  or 
C aesarean sec tion) in fluence th e  ac id—base  balance  o f n ew b o rn  calves, b o rn  
o f prim i- or m u ltip a ro u s  cows w ith  a n te r io r  or p o s te rio r p re se n ta tio n .
M aterials and methods
One h u n d re d  an d  six co m p lica ted  calv ings of b lack -an d -w h ite  a n d  red - 
-and -w h ite  D u tc h  F rie sian  cows w ere s tu d ied . T hree o f th e  calves w ere p re m a ­
tu re . T rac tio n  w as app lied  w ith in  3 —4 h , w hile a C aesarean  section  w as
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p e rfo rm e d  w ith in  4 -5  h  fo llow ing ru p tu re  of m em branes. T ra c tio n  was app lied  
b y  th re e  persons, a lw ays u n d e r  gu idance  o f a v e te rin a rian . T he group  o f calves 
w ith  an  an te rio r p re se n ta tio n  an d  e x tra c te d  b y  tr a c tio n  w as d iv ided  in to  
tw o  subgroups: tra c t io n  w ith  m o d era te , o r in tensive  assis tan ce . The la t te r  
w as req u ired  — in m o s t cases — b y  th e  h ip  lock flex ion  o f  th e  calves.
T he new born ca lv es  w eighed 38-52  kg. Calves d e livered  b y  C aesarean 
se c tio n  w ere genera lly  h e a v ie r  th a n  th o se  delivered  b y  t r a c t io n  (P  <  0.001) 
a n d  in  th e  case of C aesa rean  section  th e  calves b o rn  o f  cows w eighed m ore 
th a n  th o se  born  o f h e ife rs  (P  <7 0.05).
B lood sam ples w ere  ta k e n  from  th e  ju g u la r  ve in  o f  th e  calves im m ed i­
a te ly  a f te r  b ir th  an d  10 m in  la te r , u n d e r  anaerob ic  co n d itions in  heparin ized  
sy rin g es . Im m ed ia te ly  th e re a f te r  th e  sy ringes w ere cap p ed , a n d  s to red  in  ice 
u n t i l  u sed . The b lood  p H , p C 0 2, an d  p 0 2 w ere d e te rm in ed  w ith in  one h o u r 
a f te r  sam pling  w ith  a b lood-gas an a ly se r, A B L  1, R ad io m e te r , C openhagen, 
a t  37 °C te m p e ra tu re . T h e  resu lts  w ere th e n  co rrec ted  to  39 °C, th e  average  
b o d y  tem p era tu re  o f ca lves. H aem oglob in  w as m easu red  b y  th e  cy an m et- 
h aem og lob in  m ethod  in  a V ita tro n  haem oglob inom eter.
O th e r ac id -b ase  p a ra m e te rs  (B E : base  excess, E B E : ex trace llu la r  base 
excess, ac t. HCOj”: a c tu a l  h y d rogen  ca rb o n a te ) w ere c a lc u la ted  as described 
b y  Szenei and  N yíró  (1981).
S ta tis tic a l an a ly s is  w as perfo rm ed  b y  S tu d e n t’s t te s t .
Results
Im m ed ia te ly  a f te r  de liv ery  b y  t r a c t io n  w ith  an  a n te r io r  p re sen ta tio n , 
th e  p H  values of th e  ca lves b o rn  of p rim ip a ro u s  cowrs w ere low er (P  <( 0.05) 
th a n  th o se  born  of m u ltip a ro u s  ones (T able  I). T en  m in u te s  la te r , differences 
w ere  s till detec tab le .
In  the  case o f t r a c t io n , p C 0 2 va lu es  of calves b o rn  o f heifers w ere 
h ig h e r  th a n  those b o rn  o f  m u ltip a ro u s  cows, b u t  th e  d ifferences w ere n o t 
s ig n if ic a n t. Ten m in u te s  la te r , th e  d ifferences betw een  th o se  groups d isap ­
p e a re d . The p 0 2 values c h an g ed  sim ilarly . Im m e d ia te ly  a f te r  b ir th , th e  m etabo lic  
p a ra m e te rs  (B E, E B E , a c t. H C 0 3 ) in  b o th  ty p es  of in te rv e n tio n  w ere low er 
in  ca lves born  of he ifers th a n  in  tho se  b o rn  o f m u ltip a ro u s  cows b u t  th e  d iffer­
ences w ere no t s ig n if ic a n t. T en  m in u tes  a f te r  b ir th , th e  m etab o lic  va lues of 
th e  tw o  groups w ere s ig n if ic a n tly  d iffe ren t. No differences w ere found  betw een  
ca lv es  bo rn  of heifers a n d  th o se  b o rn  o f m u ltip a ro u s  cows a fte r  C aesarean 
sec tio n , b u t  th e  fo rm er h a d  low er values in  b o th  blood sam ples.
Im m ed ia te ly  a f te r  b ir th , th e re  w ere no s ign ifican t d ifferences betw een  
th e  p H  values o f n e w b o rn  calves w ith  an  a n te r io r  p re se n ta tio n  an d  delivered  
b y  tr a c tio n  or C aesarean  section , b u t  a f te r  tra c tio n  he ife r-calves an d  cow-
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Table I
The ac id -base  balance of new born  calves o f prim i- and m u ltip aro u s cows a fte r 
an assisted b ir th  (an te rio r  p resen ta tion)
P a ram e te rs
B lood levels im m ed ia te ly  
p o s t p a r tu m
Blood levels 
10 m in  p o s t p a r tu m
heifer COW heifer COW
T rac tio n
П  =  18 n  =  28 n =  18 n =  24
p H 7.098 ±  0.103 7.162 ±  0.089* 7.054 ±  0.121 7.131 ±  0.087*




рО г (k P a) 4.3 ±  0.8 3.9 ±  0.8 4.5 ±  0.4 4.5 ±  0.7
B E  (mmol/1) - 6 . 3  ±  4.5 —  3.8 ±  4.0 - 9 . 6  ±  5.5 —  5.9 ±  4.2*
E B E  (mmol/1)
<N■4-H■41 - 2 . 3  ±  3.6 - 8 . 0  ±  5.2 —4.3 ±  4.0*
act. H C O ~  (mmol/1) 23.0 ±  3.5 24.4 ±  2.9 19.6 ±  4.0 22.6 ± 3 .4 *
C aesarean section
n =  29 n  =  14 n =  29 n  =  14
p H 7.162 ±  0.148 7.172 ±  0.118 7.132 ±  0.147 7.169 ±  0.116
p C 0 2 (k P a) 8.9 ±  1.3**T 9.1 ±  1.2 8.9 ±  0.9*T 8.6 ±  0.9*T
p 0 2 (k P a) 3.3 ± 0 .8 * * *  3.7 ± 0 . 3 4.4 ±  0.7 4.4 ± 0 . 5
B E  (mmol/1) —4.3 ±  6.9 - 3 . 9  ±  5.6 - 6 . 0  ± 7 . 0 - 5 . 0  ±  6.2
E B E  (mmol/1) - 2 . 9  ± 6 .4 —  2.3 ±  5.1 - 4 . 3  ± 6 . 8 - 3 . 6  ±  5.8
ac t. H C O ~  (mmol/1) 23.7 ±  5.1 24.4 ± 4 .1 22.2 ±  5.1 23.0 ±  4.8
*P <  0.05; **P  <  0.01; ***P <  0.001 
T  (trac tio n ): C aesarean  section
Table II
T he acid -base  balance  of new born  calves w ith  an te rio r p re sen ta tio n  ex trac ted  b y  
m oderate  or in ten siv e  assistance
P aram ete rs
Blood levels im m e d ia te ly  
p o s t p a r tu m
Blood levels 
10 m in  p o s t p a r tu m
M oderate
assistance




In te n s iv e
a ssis tan ce
n =  27 n =  16 n =  24 n =  17
p H 7.172 ±  0.081 7.077 ±  0.069*** 7.165 ±  0.062 6.991 ±  0.071***
p C 0 2 (kP a) 9.8 ±  1.5 9.7 ±  1.2 9.2 ±  0.8 10.4 ±  1.3**
p 0 2 (k P a) 3.7 ±  0.6 4.8 ±  0.8*** 4.6 ±  0.5 4.3 ±  0.6
B E  (mmol/1) — 2.6 ±  2.5 - 8 . 6  ±  3.1*** —4.4 ±  2.8 — 11.8 ±  3.6***
E B E  (mmol/1) — 0.7 ±  2.3 — 7.5 ±  3.3*** - 3 . 3  ±  2.4 - 9 . 9  ±  3.6***
a c t .  H C O ~  (mmol/1) 25.9 ±  1.5 20.7 ±  2.6*** 23.7 ±  2.0 18.5 ±  3.3***
**P <  0.01 
***P <  0.001
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calves h ad  low er v a lu e s . I n  b o th  b lood sam p les  p C 0 2 v a lu es  w ere low er a fte r  
C aesarean  section  th a n  a f te r  tra c tio n . T he ca lves b o rn  o f cows h ad  a lm o st th e  
sam e values in  b o th  g ro u p s .
T he group o f ca lv es  w ith  an  a n te r io r  p re se n ta tio n  de livered  b y  tr a c tio n  
w as d iv ided  in to  tw o  su b g ro u p s : tra c tio n  w ith  m o d era te  or in ten siv e  assistance  
(T able  I I ) . Im m e d ia te ly  a f te r  b ir th , th e  p H - an d  m etab o lic  va lues o f calves 
e x tra c te d  b y  in te n s iv e  assistance  w ere s ig n if ic a n tly  low er th a n  in  calves 
e x tra c te d  b y  m o d e ra te  assistance . T he v a lu e s  o f p C 0 2 show ed no difference 
w hile  p 0 2 values w ere  h ig h e r (P  <  0.001).
T en  m in u tes  a f te r  calv ing , s ig n ifican t in te r-g ro u p  differences betw een  
th e  p H  values a n d  m e ta b o lic  p a ram e te rs  cou ld  s till be d e tec ted . In  calves 
e x tra c te d  b y  in te n s iv e  assis tan ce , th e  p C 0 2 v a lu es  w ere increased . The sign if­
ic a n t  differences b e tw e e n  th e  values o f p 0 2 h a d  d isap p eared .
Im m ed ia te ly  a n d  10 m in a fte r ca lv in g , p H  as w ell as p 0 2 va lu es  an d  
m etab o lic  v a riab les  w ere  low er in  p o s te rio r  p re se n ta tio n  a f te r  tra c tio n  th a n  
a f te r  C aesarean sec tio n , b u t  th e  d ifferences w ere n o t sig n ifican t (Table I I I ) .  
I n  b o th  blood sam p les , p C 0 2 levels w ere lo w er a fte r  C aesarean  section  th a n  
a f te r  tra c tio n , b u t  s ig n if ic a n t differences w ere  on ly  fo u n d  a fte r  10 m in.
E x am in in g  th e  v a lu e s  im m ed ia te ly  a f te r  calv ing  we fo u n d  th a t  in  th e  
case o f p o ste rio r p re s e n ta t io n  and  tra c tio n , p H  values la id  betw een  th e  v alues 
o f th e  a n te r io r ly -p re se n te d  calves bo rn  o f  heifers an d  th o se  born  o f cows, 
w hereas in  th e  case o f  C aesarean  section , p H  va lu es  of th is  group w ere low est. 
T he values of p 0 2 im m e d ia te ly  a fte r b ir th  w ere  s ig n ifican tly  low er (P  < 0 .0 1 )  
a f te r  C aesarean sec tio n  in  an te rio r  th a n  in  p o s te r io r  p re se n ta tio n . A fte r 10 m in , 
no  d ifferences w ere fo u n d . The o th e r p a ra m e te rs  show ed u p  changes v e ry  
s im ila r to  th a t  o f th e  p H .
Table I I I
The ac id -base  b a lan ce  of newborn calves w ith  posterio r p re sen ta tio n  delivered 
by  trac tio n  or C aesarean  section
P aram ete rs
B lood  levels im m ed ia te ly  
po st p a rtu m
Blood levels 
10 m in  po st p a rtu m
T ra c tio n
C aesarean
sectio n T rac tio n
C aesarean
section
n 6 8 6 8
p H 7.126 ±  0.114 7.148 ±  0.124 7.058 ±  0.112 7.133 ± 0 .1 2 2
p C 0 2 (kP a) 9.9 ±  1.5 9.3 ±  1.4 10.4 ±  0.4 9.2 ±  1.0*
p 0 2 (k P a) 4.1 ±  1.3 4.3 ±  0.6 4.1 ±  0.8 4.6 ±  0.5
B E  (mmol/1) — 5.4 i  4.5 - 4 . 7  ±  6.1 - 8 . 2  ±  6.0 - 5 . 4  ±  6.4
E B E  (mmol/1) — 3.7 ±  3.7 - 3 . 3  ±  5.9 — 6.5 dz 6.4 - 4 . 0  ±  6.4
ac t. H C O ~ (mmol/1) 23.5 ±  2.5 23.6 ±  4.9 21.5 ±  4.3 22.9 ±  5.4
*P <  0.05
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T he th re e  p re m a tu re ly -b o rn  calves w eighing  b e tw een  18 and  26 kg  w ere 
e x tra c te d  b e tw een  th e  240 th  and  2 5 6 th  day s o f p reg n an cy  w ith  m o d e ra te  
assistance . One o f  th e m  was suffering  fro m  m ild , an d  tw o  from  severe, re s p i­
ra to ry  an d  m e tab o lic  acidosis. All th re e  d ied  w ith in  24 h .
D iscussion
T hree  to  4 h o u rs  a fte r  tra c tio n  a n d  4 to  5 h  a f te r  C aesarean sec tio n , 
new born  calves su ffe r from  a d is tin c t fo rm  o f re sp ira to ry  and  m e tab o lic  
acidosis. T he acidosis o f calves delivered  b y  tra c t io n  w as sh ifted  in  a re s p ira ­
to ry  d irec tio n  as a re su lt of th e  h ig h er p C 0 2 v alues.
M au rer-S ch w eizer e t al. (19776) p u b lish ed  f in d in g s agreeing w ith  th e  
ab o v e-m en tio n ed  in  th e ir  re p o rt on th e  a c id -b a se  b a lan ce  o f new born ca lves 
bo rn  p er vias naturales  an d  by  C aesarean  sec tion .
T he differences b e tw een  th e  a c id -b a se  b a lan ce  o f a ll th e  calves ( tra c tio n  
w ith  m o d era te  o r in ten s iv e  assistance , he ifer-calves a n d  cow-calves b o rn  in  
an  a n te r io r  o r a p o s te rio r  p resen ta tio n ) in d ic a te  th a t  th e  period  of tim e  d u rin g  
w hich th e  o ffsp ring  passes th ro u g h  th e  b i r th  can a l, a n d  w ith in  th is  period  th e  
com pression of th e  u m bilica l cord, is o f decisive im p o rta n c e . The above s t a te ­
m en t is su p p o rte d  b y  our resu lts  as th e re  are  no s ig n if ican t differences b e tw een  
th e  ac id -b a se  b a la n c e  of th e  new born  calves o f  p rim i- or m u ltip aro u s cows 
rem oved  b y  C aesarean  section . I f  th e  a ss is tan ce  w as in ten s iv e , th e  p O , v a lu e s  
were s ig n if ican tly  h ig h er im m ed ia te ly  a f te r  p a r tu r i t io n  th a n  if  th e  a ssis tan ce  
was m o d era te . T h is m a y  be exp la ined  b y  th e  fa c t t h a t  in  th e  case of h ip -lo ck  
flex ion , a f te r  c lean in g  th e  airw ays, we in i t ia te d  b re a th in g  before tra c tio n  w as 
con tinued . D e a th  w ith in  24 h  of p re m a tu re  calves m a y  be caused  b y  im m a tu ­
r i ty  o f th e  lungs (re sp ira to ry  d istress sy n d ro m e), b u t  fu r th e r  ex am in a tio n  is 
necessary  (K e rp e l-F ro n iu s  e t a l., 1978).
T he a c id -b a se  b a lan ce  of new born  calves is lab ile  a n d  can  easily be sh if te d  
to w ard s acidosis (A m m ann  e t a l., 1974; E ic h le r-S te in h a u ff , 1977; M assip, 
1980; M iilling, 1974; W aizenhöfer, 1977). A t b ir th , co incid ing  w ith  th e  s t a r t  
of re sp ira tio n , v a so c o n s tr ic tio n  is s to p p e d  a n d  th e  accu m u la ted  acids e n te r  
th e  c ircu la tion . T h is m a y  be th e  e x p la n a tio n  fo r th e  fu r th e r  decrease o f p H  
values an d  m e tab o lic  v ariab les  in  th e  1 0 th  m in  a f te r  ca lv ing  (B odenberger, 
1979; M au rer-S ch w eizer e t al., 1977a; M iilling e t a l., 1972; W aizenhöfer, 1977). 
A ccording to  o u r re su lts , these  decreases in  p H  a n d  m etab o lic  values are h ig h e r 
in  case o f in te n s iv e  assis tan ce  w ith  an  a n te r io r  p re se n ta tio n  an d  tra c tio n  w ith  
a p o ste rio r p re se n ta tio n  th a n  in  case o f th e  o th e r  g roups (Table IV).
I n  th e  case o f  a com plica ted  ca lv in g , th e  m ode o f  assistance  shou ld  b e  
chosen b y  ta k in g  in to  co nsidera tion  th e  econom ic p o in t o f  view , as w ell as
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Tabic IV
Differences of average  values of blood sam ples tak en  im m ediately  p o st p a r tu m
and  10 m in  la te r
P a ram e te rs
A n te rio r  p re se n ta t io n
T ractio n Caesarean section
P o s te r io r  p re se n ta t io n
M oderate  In te n s iv e  P rim i-
ass. ass. p a ro u s




p H - 0 .0 0 7 —0.086 - 0 .0 3 0 - 0 .0 0 3 — 0.068 - 0 .0 1 5
p C 0 2 (k P a ) - 0 . 6 +  0.7 0.0 - 0 .5 +  0.5 - 0 .1
p 0 2 (k P a ) +  0.9 - 0 . 5 + 1 .1 +  0.7 0.0 + 0 .3
B E  (mmol/1) — 1.8 - 3 . 2 — 1.7 - 1 .1 - 2 . 8 - 0 . 7
E B E  (mmol/1) - 2 . 6 —2.4 — 1.4 - 1 . 3 - 2 . 8 - 0 . 7
ac t. H C O ~  (mmol/1) - 2 . 2 — 2.2 — 1.5 - 1 . 4 - 2 . 0 - 0 . 7
th e  a im  th a t  a c id -b a se  ba lan ce  of n ew b o rn  calves should be d is tu rb e d  as l i t t le  
as possib le  an d  t h a t  a sp h y x ia  should  be  av o ided .
I f  th is  is n o t  possib le , new born  ca lves w ith  a sp h y x ia  sh o u ld  be  tr e a te d  
a d e q u a te ly  (M iilling, 1974; E ig en m an n  e t a l., 1982; Szenei, 1981; W alser 
a n d  M aurer-S chw eizer, 1978).
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EFFECT OF SEASON AND BACTERIAL 
CONTAMINATION ON SEMEN QUALITY, 
FREEZABILITY, AND FERTILITY OF HUNGARIAN 
SIMMENTAL ARTIFICIAL INSEMINATION BULLS
M. A . R . I b r a h i m , H . A b d e l  R a h m a n , B. L. T ó t h  and M. A b d i n
D e p artm en t o f A n im al Physio logy  and  H ygiene, U n iv e rs ity  o f  A g ricu ltu ra l Sciences, H -2103
Gödöllő, P á te r  K . u . 1, H u n g a ry
(R eceived  D ecem ber 9, 1982)
E jacu la te s  co llected  from  100 H u n g a rian  S im m en ta l bu lls , 3 — 5 years old, w ere used  
to  in v es tig a te  th e  effec t o f season on sem en q u a lity  an d  free z ab ility  (400 e jacu la tes/season). 
Sum m er an d  w in te r sam ples w ere su b jec ted  to  b a c te ria l co u n tin g  a f te r  freezing. H ea t re sis tan ce  
an d  fe rtility  pe r c en t o f th e  sam ples were also d e te rm in ed .
Season sig n ifican tly  a ffec ted  th e  e jacu la te  vo lu m e, m ass m o ti l ity  (P  <  0.05), p rogressive  
m o tility  and h e a t re sistan ce  (P  <  0.01). E ja c u la te  vo lum e a n d  m o tility  were superio r in  
spring , an d  sperm  co n ce n tra tio n  a n d  n u m b er o f sperm  per e ja c u la te  in  a u tu m n , as co m p ared  
to  th e  o th e r seasons. P e rcen tag e  of e jacu la tes  w ith  < 1 0 3, > 1 0 3— 5 x l 0 J, > 5 x l 0 4 — 10s, 
> 1 0 5 — 1 .5 x 1 0 s, >1.5x10® — 2 x 1 0 s and  > 2 x l0 s v iab le  b a c te r ia /m l was 25, 20, 26, 13, 
4 an d  12 in  w in ter, a n d  26, 16, 30, 10, 6 and  12 in  su m m er, re sp ec tiv e ly . Sperm  m o tility , h e a t  
resistance  and  fe rti l ity  pe r cen t w ere sig n ifican tly  in flu en ced  b y  b ac teria l co n tam in a tio n . 
No considerable v a ria tio n s  w ere observed  in  th e  p H  of sem ens c o n ta in in g  d ifferent n u m b ers  
o f bac teria .
Keywords. S easonal v a r ia tio n , b a c te r ia l c o n ta m in a tio n , sem en q u a lity , 
fe r tility , A I bu lls.
T he effect o f  season  on bu ll sem en h as  been  s tu d ie d  b y  several in v e s tig a ­
to rs  inc lud ing  P av licen k o  (1965), M ilicevic (1965), M idler an d  Szilagyi (1965), 
P o rw a l e t al. (1977) an d  S m irnov  an d  K ru g ly a k  (1980). Som e of th e  re su lts  
a re  c o n tra d ic to ry , p resum ably ' due to  d ifferences in  b re e d  or en v iro n m en ta l 
cond itions. H ow ever, such  s tu d ies  seem  to  be lack in g  fo r H u n g a ria n  S im m en ta l 
bu lls.
R ózsa (1950) found  v e ry  large n u m b ers  o f v iab le  b a c te r ia  in  sem en from  
fe rtile  h e a lth y  bu lls . J a c q u e t  an d  Steig (1967) a n d  S ch afe r e t  al. (1976) iso la ted  
v a rio u s  p a th o g en ic  an d  n o n p a th o g en ic  o rgan ism s from  m icrob ia l cu ltu res  o f 
liq u id  n itro g en . M acpherson  an d  F ish  (1954) fo u n d  M ycobacterium  tuberculosis 
su rv iv in g  in  frozen  sem en. K ro lin sk i (1978) d e m o n s tra te d  t h a t  th e  conception  
r a te  ten d ed  to  decrease  as th e  v iab le  c o u n t in  b u ll sem en  increased .
Materials and m ethods
One h u n d re d  H u n g a ria n  S im m en ta l b u lls , 3 -5  y e a rs  o ld, belonging  to  
th e  A rtific ia l In se m in a tio n  C entre , G ödöllő, H u n g a ry , wrere used. T he bulls 
w ere k e p t u n d e r id e n tic a l m an ag em en ta l an d  feed ing  co n d itio n s. Sem en w as
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re g u la r ly  co llected  a t  w eekly  in te rv a ls  b y  m eans of an  a r tif ic ia l  v ag in a . One 
th o u s a n d  an d  six  h u n d re d  sam ples co m p rised  th e  m a te ria l fo r  s tu d y in g  th e  
e ffec t o f  season on sem en q u a lity  a n d  freezab ility . Only th e  sam ples co llec ted  
in  th e  m idd le  m o n th  o f each season , i.e . J a n u a ry , A pril, J u ly  an d  O c to b er 
w ere u sed . T he sam ples w ere ex am in ed  fo r volum e, m ass a n d  p rogressive  
m o ti l i ty  (M üller an d  Szilagyi, 1965), sp e rm  co n cen tra tio n , n u m b e r  o f sperm  
p e r  e ja c u la te , p H , a n d  resis tan ce  to  h e a t  (B adaw y, 1978; Ib ra h im  an d  G aál, 
1979; Ib ra h im  andM észáros,1980) a f te r  freezing  in  liquid  n itro g e n .T h e  m eth o d s  
o f  sem en  ex am in a tio n  w ere th o se  ro u tin e ly  app lied  a t th e  A rtif ic ia l In se m in a ­
t io n  C en tre , G ödöllő, H u n g a ry , as d esc rib ed  earlie r ( Ib rah im  a n d  G aál, 1979). 
R e p re se n ta tiv e  sam ples from  each  b u ll w ere sub jec ted  to  b a c te r ia l co u n tin g  
a f te r  freezing  as described  by  S u tk a  (1980). B acteria l c o u n tin g  w as p erfo rm ed  
in  th e  su m m er a n d  w in te r sam ples o n ly . T h e  sam ples w ere c lassified  in to  6 
g ro u p s accord ing  to  th e ir  b a c te r ia l c o n te n t as follows: 103, > 1 0 3 5 X 104,
> 5 x l 0 4 — 10s, > 1 0 5 — 1 .5 x l0 5, > 1 . 5 x l 0 5 —2 x l 0 5 a n d  > 2 x l 0 5 v iab le  
b a c te r ia /m l. T he h e a t  resistance  a n d  fe r t i l i ty  p er cen t o f th e  s ix  sem en g roups 
w ere  d e te rm in ed . T he s ta tis tic a l an a ly s is  w as conducted  as described  b y  
S n ed eco r an d  C ochran  (1968).
Results and discussion
T ab le  I  show s th a t  th e  e ja c u la te  vo lu m e was m ax im u m  (7.32 ^  0.21 ml) 
in  th e  sp ring  an d  m in im um  in  th e  w in te r  ( 6 .2 0 ^ 0 .2 1  m l); th e  d ifferences 
w ere  s ta tis t ic a lly  sig n ifican t (P  <  0.05). P av licenko  (1965) a n d  S m irnov  a n d  
K ru g ly a k  (1980) o b ta in ed  fo r S im m en ta l bu lls m in im um  e ja c u la te  vo lum es
T able  I
E ffec t of season on sem en q u a lity  and freezability  
of H ungarian  S im m ental A .I . bulls (n =  100)*
Sem en t ra i ts W in te r Spring S u m m e r A u tu m n
E ja c u la te  volum e (m l) 6.20 ±  0.21 7.32 ±  0.21 6.86 ±  0.26 6.84 ±  0.24
N u m b e r o f sperm  ( x  109/m l) 
N u m b e r o f sperm  (X lO 9 per ejac-
1.49 ±  0.05 1.50 ±  0.04 1.49 ±  0.06 1.65 ±  0.05
u la te ) 9.24 ±  0.01 10.98 ±  0.01 10.22 ±  0.02 10.43 ±  0.01
M ass m o tility 3.70 ±  0.09 3.96 ±  0.06 3.62 ±  0.08 3.58 ±  0.06
P ro g ress iv e  m o tility , % 66.80 ±  0.56 70.60 ±  0.52 66.40 ±  0.88 67.90 ± 0 .7 9
H e a t  resistance  a t  0 h 39.00 ±  0.65 40.40 ±  0.67 35.30 ±  0.92 40.80 ±  0.66
a f te r  1 h  a t  46 °C 36.10 ±  0.77 35.90 ±  0.75 21.10 ±  1.45 38.40 ±  0.64
* E ach  value represen ts m ean ^  SD for 100 bulls.
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in  w in te r , an d  m ax im um  vo lum es in  a u tu m n . M idler an d  S zilagy i (1965) 
a n d  P o rw a l e t a l . (1977) d id  n o t f in d  s ig n if ic a n t seasonal d ifferences in  e jacu la te  
v o lu m e  in  S im m enta l an d  R ed  D an e  bu lls , respective ly .
T ab le  I  also show s th a t  m ax im u m  sperm  co n cen tra tio n  w as o b ta in e d  in  
a u tu m n , w hile in  th e  o th e r seasons a lm o s t id en tica l sperm  c o n cen tra tio n s  
w ere fo u n d . T he d ifference b e tw een  a u tu m n  an d  o th e r seasons in  th is  re sp ec t 
w as n o t  sig n ifican t. T his fin d in g  agrees w ith  d a ta  of P av licenko  (1965), M idler 
a n d  Szilagyi (1965), B ad aw y  (1979), a n d  S m irnov  an d  K ru g ly a k  (1980). On 
th e  o th e r  h a n d , M dicevic (1965) re p o r te d  th a t  low  te m p e ra tu re  a ffec ts  sperm  
c o n c e n tra tio n . T he resu lts  also in d ic a te d  th a t  th e  n u m b er of sp e rm  p e r  e jacu ­
la te  w as h ig h e r in  spring , a n d  i t  w as th e  low est in  w in te r (T able I) . Seasonal 
d ifferences m ay  be due to  changes in  te s t is  a c tiv ity . In  su m m er a n  increased  
e ja c u la te  v o l u A  was observed , b u t  th e  n u m b e r of sperm  p e r  e ja c u la te  som e­
w h a t d ecreased . In  o th e r  w ords, sperm atogenesis  w as co n sid e rab ly  m ore 
ac tiv e  in  a u tu m n , and  th e  seasonal e ffec t w as m ore p ro n o u n ced  on  th e  fu n c­
tio n  o f th e  accessory sex o rgans th a n  on  th a t  of tes tes .
T h e  m ass an d  p rogressive m o til i ty  w ere s ig n ifican tly  (P  <7 0.05 an d  
P  <  0.01, respective ly ) in flu en ced  b y  season  (Table I). T he g re a te s t  m o tility  
w as o bserved  in  spring  an d  th e  le a s t in  su m m er. This m eans t h a t  h ig h  am b ien t 
te m p e ra tu re  adverse ly  a ffec ted  sperm  m o tility . P orw al e t al. (1977) fa iled  to  
o b se rv e  th is  effect in R ed  D ane bu lls.
H e a t  res is tan ce  w as g re a te s t in  a u tu m n , followed b y  sp rin g , an d  th e  
le a s t  re s is tan ce  w as found  in  sum m er (T able  I). T he d ifferences in  th is  re sp ec t 
w ere s ig n ifican t (P  <  0.01). T his f in d in g  is con sis ten t w ith  th a t  o b ta in e d  b y  
S m irn o v  an d  K ru g ly ak  (1980) in  R u ss ian  S im m en ta l bulls. I t  w as concluded  
th a t  in  H u n g a ry  th e  sem en sam ples m o st su itab le  fo r freezing are  th o se  p ro ­
d u ced  in  a u tu m n  and  spring .
As show n in  T able I I ,  th e  d is tr ib u tio n  o f bulls b y  th e  degree o f  c o n ta m i­
n a tio n  o f th e ir  sem en w as a p p ro x im a te ly  th e  sam e in  w in te r a n d  sum m er. 
T h e  m o st com m on m icroorgan ism s id e n tif ie d  in  th e  sem en sam p les  w ere 
B acillu s subtilis, coliform s, Staphylococcus aureus an d  Proteus species. The 
p e rc e n ta g e  o f progressively  m o tile  sperm  s ig n ifican tly  (P < 0 .0 1 )  v a r ie d  b e tw een  
b u ll g roups w ith  d ifferen t b a c te r ia l co u n ts  in  th e ir  sem en (T able I I ) .  P rog res­
sive m o til i ty  ten d ed  to  decrease as th e  b a c te r ia l co u n t increased . T his m ay  
be  due  to  th e  possible co m p e titio n  fo r n u tr ie n ts  betw een  b a c te ria  a n d  sp e rm a­
to zo a . H e a t resistance  show ed a s im ila r ten d en cy , how ever, th e  effect of 
b a c te r ia  on  h e a t resistance  w as co n sid e rab ly  m ore p ro n o u n ced  th a n  th a t  on 
m o tility . As i t  was expected , freezab ility  decreased  as b ac te ria l c o n te n t increased , 
especia lly  over 1.5 X W 5 v iab le  b a c te ria /m l sem en. Sem en p H  slig h tly  increased  
p a ra lle l w ith  th e  e levation  o f th e  b a c te r ia l  co u n t, how ever, th e  differences 
w ere n o t sig n ifican t. The change o f sem en p H  is a p p a re n tly  caused  b y  increased  
b io log ical an d  m etabo lic  ac tiv itie s  o f sp e rm ato zo a  an d  m icroo rgan ism s.
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Table II
E ffect o f b a c te r ia l  con tam ination  on sem en c h ara c te rs  o f H ungarian  
S im m en ta l bulls (n =  100) in  sum m er an d  te in ter
B acterial
cou n t/m l






m o tili ty
(%)
H e a t resistance
A t  0 h A fte r  1 h  a t  46 °C
< 1 0 3
sum m er 26 6.40 69.20 ±  1.03 37.60 ±  2.30 35.40 ±  2.40
w in te r 25 6.40 69.20 ±  0.62 42.40 ±  0.90 39.40 ±  1.20
> 1 0 3—5 X 104
sum m er 16 6.40 68.40 ±  1.18 37.80 ±  0.60 32.50 ±  2.60
w in te r 20 6.41 69.00 ±  0.86 40.80 ±  0.70 38.80 ±  1.40
> 5  X 10* —105
sum m er 30 6.41 62.80 ±  2.37 35.30 ±  2.20 26.50 ±  2.60
w in te r 26 6.40 66.00 ±  0.72 39.00 ±  0.70 29.60 ±  2.00
> 1 0 5—1.5 X 10*
sum m er 10 6.52 58.50 ±  5.63 34.00 ±  3.90 20.50 ± 5 .1 0
w in te r 13 6.49 61.20 ±  2.78 30.40 ±  3.90 22.70 ± 4 .1 0
> 1 .5  X 105—2 X 106
sum m er 6 6.50 64.20 ±  1.54 36.70 ±  3.30 16.70 ±  4.70
w in te r 4 6.53 67.50 ±  1.44 28.80 ±  9.60 23.80 ±  8.00
> 2  X 105
sum m er 12 6.50 66.50 ±  1.43 36.90 ±  1.30 18.50 ±  3.40
w in te r 12 6.48 62.10 ±  2.64 28.80 ±  5.10 10.40 ±  3.70
In  his s tu d ies  o n  P olish  B lack an d  W h ite  an d  C harolais bulls, K ro lin sk i 
(1978) found  th a t  th e  concep tion  ra te  was 72.7, 76.2, 72.3, 69.6 an d  68.3% 
fo r sem en  sam ples c o n ta in in g  < 5 х Ю 4, 5 х Ю 4 — 2x10°, 2x10° — 4x10°,
Table III
E ffec t of bac teria l co n ta m in a tio n  of sem en on fe rtility  o f  H u n g arian  Sim m ental bulls
B acteria l c o u n t/m l
N u m b er of 
insem ina ted  
cows







<103 17,587 9,152 8,435 52.04
>103—5 X104 10,361 5,204 5,157 50.22
>5 X104—10s 18,031 8,617 9,414 47.79
>105—1.5x 10s 6,602 3,232 3,370 48.95
>1.5 X  10s—2 X  105 5,342 2,662 2,680 49.64
>2x105 40 13 27 32.50
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4 x  105 — 10® a n d  m ore th a n  10® b a c te ria /m l. O ur p re se n t find ings (T able I I I )  
agree w ith  th e se  re su lts . T here  w as no  sig n ifican t d ifference  in  th e  fe r t i l i ty  
p e r cen t o b ta in e d  fo r th e  d iffe ren t g roups, w ith  th e  ex cep tio n  of th e  g ro u p  
w ith  a b a c te r ia l co u n t of > 2 x l 0 5/m l o f  sem en, w hich  show ed s ig n ifican tly  
decreased fe r tility .
W e can  conclude  from  th e  p re se n t resu lts  th a t  th e  sem en q u a lity  a n d  
freezab ility  o f  H u n g a ria n  S im m en ta l b u lls  w ere s ig n if ic a n tly  a ffec ted  b y  
th e  season. B est sem en q u a lity  w as fo u n d  in  sp ring  a n d  a u tu m n  an d  w o rs t 
in  w in ter. T h is is in  ag reem en t w ith  th e  re su lts  o f m o s t in v es tig a to rs . T h e  
increase of th e  b a c te r ia l co n te n t to  a level over 2 x 1 0 s b a c te ria /m l of sem en  
w as accom pan ied  b y  a rem ark ab le  decrease in  f e r t i l i ty  p ercen tag e . S em en 
q u a lity  was also considerab ly  in flu en ced  b y  th e  increase  o f b ac te ria l co u n ts  in  
th e  sem en, espec ia lly  if  v iab le  b a c te r ia l co u n t exceeded  1 .5 x l 0 5/m l. B a c ­
te r ia l co n ten t can  also affect freezab ility  o f th e  sem en.
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STUDIES ON THE EFFECT OF PREMEDICATION 
ON ELECTROANAESTHESIA IN BUFFALO CALVES
К . V . R a o , D . S. V i j a y k u m a r , N . Y. R a o  and O. R a m a k r i s h n a
D e p a r tm e n t o f  Surgery  an d  R ad io logy , College of V e te r in a ry  Science,
T iru p a ti -  517502, In d ia
(R eceived  J u ly  28, 1982)
T he e fficacy  of p rem ed ica tio n  on  e lec tro an aesth es ia  was s tu d ied  on  six buffalo  calves 
o f d iffe ren t ages a n d  w eights. These w ere co m p ared  w ith  n o n -p rem ed ica ted  an im als g iven  
e lec tro an aesth es ia . P rem ed ica tio n  w ith  triflu p ro m az in e-H C l red u ced  th e  q u a n ti ty  o f  m A  
re q u ire d  m ore th a n  p rem ed ica tio n  w ith  chlorprom azine-H C l.
K eyw ords. P rem ed ica tio n , tr if lup rom azine-H C l, ch lo rp rom azine-H C l, 
e lec tro an aes th es ia , bu ffa lo  calves.
E le c tro a n ae s th e s ia  is one o f th e  sa fe s t m eans of p ro d u c in g  general a n a e s ­
th e s ia  in  ru m in a n ts  as chem ical a n a e s th e s ia  is bese t w ith  prob lem s su ch  as 
ru m in a l ty m p a n y , re g u rg ita tio n  a n d  a sp ira tio n .
A lte rn a tin g  e lec tric  c u rre n t has b een  used  as an  a n a e s th e tic  a g e n t fo r 
v a rio u s  su rg ica l p ro ced u res  in  c a ttle  (S h o rt, 1964, 1967, 1974) an d  in  bu ffa loes 
(R ao  an d  R ao , 1978). T he use o f p rem ed ican ts  resu lted  in  m in im al u n d esirab le  
re a c tio n s  d u rin g  in d u c tio n  of e lec trica l anaesthesia  (S h o rt, 1967). R ed u c tio n  
in  th e  q u a n tu m  o f c u rre n t re q u ire m e n t following tra n q u illiz a tio n  h as  b een  
re p o r te d  in  dogs (S m ith  e t ah , 1967) a n d  buffaloes (R ao  an d  R ao , 1979).
In  th e  p re se n t in v es tig a tio n , efficacies of tw o p re a n a e s th e tic s , n a m e ly  
tr if lu p ro m a z in e  h y d ro ch lo rid e  (S iquil) (S a rab h a i C hem icals, B om bay) a n d  
ch lo rp ro m azin e  h y d ro ch lo rid e  (L arg ac til)  (M ay an d  B a k e r, B om bay) h a v e  
b een  co m p ared  on  th e  course o f  e lec tro an aes th es ia  in  b u ffa lo  calves.
M ateria ls an d  m ethods
Six a p p a re n tly  h e a lth y  m ale  b u ffa lo  calves of 1 %  to  3 years o f  age 
a n d  40 to  114 kg  b o d y  w eight w ere u sed . T h e  anim als w ere c a s t and  secu red  in  
r ig h t la te ra l  recu m b en cy  p rio r to  th e  ex p e rim en t. E ach  an im a l was su b je c te d  
to  re p e a te d  tr ia ls  a t  72-h in te rv a ls .
In  g roup  I  e lec tro an aes th es ia  w as p roduced  w ith o u t p rem ed ican t. In  
g roup  I I  trif lu p ro m az in e -H C l, an d  in  g roup  I I I  ch lo rp rom azine-H C l w as u sed  
in tra v e n o u s ly  as p rem ed ican t a t  a dose ra te  o f 0.25 m g/kg  b o d y  w eight a b o u t 
10 m in  p rio r  to  e lec tro an aes th es ia . T h e  an im als w ere a n a e s th e tiz ed  fo r  one
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h o u r  b y  s tep -b y -step  m e th o d  w ith  b ite m p o ra l e lectrodes b y  th e  e lectron ic  
a n a e s th e tiz e r  described  b y  R ao  and  R ao (1978). A bdom inal m uscle re lax a tio n  
w as ta k e n  as th e  e n d -p o in t o f surgical an aes th es ia , a t  w h ich  tim e E g e r’s 
te s t  w as perform ed (S m ith  e t  al., 1967). T h e  m illiam pérage  (m A) and  v o ltag e  
(Y) a n d  th e  re su ltin g  sy m p to m s were reco rd ed . The d a ta  w ere su b jec ted  to  
S tu d e n t’s t te s t as d esc rib ed  b y  Snedecor a n d  C ochran (1967) to  find  th e  level 
o f  significance, u sin g  2 - ta ile d  te s t.
R esults and  d iscussion
T he various o b se rv a tio n s  m ade on e lec tro an aes th es ia  w ith o u t an d  w ith  
p rem ed ica tio n  are  g iven  in  T ab le  I . S ligh t d iscom fort w as observed d u rin g  
in d u c tio n  of a n a e s th e s ia  in  anim als w ith o u t p rem ed ica tio n . This was n o t
Table I
E ffec t of p rem ed ica tio n  on e lectroanaesthesia  in  buffalo  calves
N o n -p rem ed ica ted  T riflu p ro m azin e-H C l C hloroprom azine-H C l
g ro u p  g ro u p  group
S. Age W eigh t
N o. (years) (ki)
V olts m A




P a in  on 
m A  E g er’s 
te s t
V olts m A
P a in  on  
E g e r’s 
t e s t
l Щ 53 8 65 -j- 8 55 — 8 60 +
2 114 10 80 + 10 55 — 10 60 —
3 2 48 12 65 12 50 — 12 60 +
4 iy* 40 12 65 — 12 40 - 12 45 —
5 3 92 12 70 — 12 50 — 12 60 —
6 3 108 10 80 - 10 55 — 10 60 —
M ean 75.83 10.66 70.83 10.66 50.83*** 10.66 57.50 **
± -j- _L ± ± ± ± ±
SE 13.209 1.739 3.005 1.739 2.387 1.739 2.499
**P <  0.01 
***P <  0.001 
+  Present 
— A bsent
obyerved in  an im als p rem ed ica ted  w ith  e ith e r  triflu p ro m azin e-H C l or chlor- 
prom azine-H C l. T h u s , p rem ed ica tion  p ro d u c e d  sm ooth  in d u c tio n , w hich w as 
in  ag reem en t w ith  th e  observa tions m ade b y  S hort (1974) an d  Rao an d  R ao  
(1979).
The m ean  q u a n t i ty  o f  m A req u ired  b y  n o n -p rem ed ica ted  an im als w as 
70.83 ^  3.005 (ran g e : 65 to  80), while an im als  p rem ed ica ted  w ith  triflu p ro m -
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azine-H C l req u ired  on th e  average  50.83 ^  2.387 m A  (range: 40 to  55). 
A nim als p rem ed ica ted  w ith  ch lo rp rom azine-H C l re q u ire d  on th e  av erag e  
57.50 ^ 2  2.499 m A  (ran g e : 45 to  60). This show s t h a t  p rem ed ica tio n  red u ced  
th e  mA req u ired  to  p ro d u ce  an aesth esia . T he re d u c tio n  w as h ighly  sig n ifican t 
(P  <7 0.001) in  th e  tr if lu p ro m az in e -H C l group , an d  s ig n if ican t in  th e  ch lo r­
prom azine-H C l g roup  (P  <  0.01) as com pared  to  n o n -p rem ed ica ted  an im als. 
H ow ever, no s ig n ifican t v a r ia tio n  w as observed  in  m A  req u irem en t b e tw een  
th e  tw o p rem ed ica ted  groups.
All th e  an im als  in  th e  th re e  groups show ed m u sc u la r  re lax a tio n  along 
w ith  lach ry m a tio n  an d  sa liv a tio n  or a w et m uzzle. T y m p a n y  of th e  ru m en  
w as n o t observed. S ligh t m o v em en t of th e  lim b d u rin g  E g e r ’s te s t was o bserved  
in  3 anim als o f th e  n o n -p rem ed ica ted  group , an d  in  2 an im als of th e  ch lo r­
prom azine-H C l group .
R eferences
R ao , N . V. and R ao , S. V. (1978): E lec tro an aesth es ia  in  buffaloes. M ysore J .  Agric. Sei. 12, 
1 2 5 -1 2 9 .
R ao , N . У. and  R ao , S. V. (1979): E ffec t of L argactil on e lec tro an aesth es ia  in buffaloes. A n 
experim en tal s tu d y . In d ia n  V et. J .  56, 31 — 32.
S h o rt, C. E . (1964): T he ap p lic a tio n  of e lectroanesthesia  on larg e  a n im a ls : A rep o rt of h u n d re d  
ad m in istra tio n s. J .  A m . Y et. M ed. Assoc. 145, 1104 —1106.
S h o rt, C. E . (1967): R ecen t p rogress in  in v estiga tions on e lec tro an esth esia . A nesth . A nalg . 
46, 5 4 0 -5 4 5 .
S h o rt, C. E . (1974): E lec tro an es th esia . In : T ex t Book of L arge A n im al Surgery  (eds: F . W .
Oehm e an d  J .  E . P rie r), W illiam s and  W ilkins Co., B a ltim o re .
S m ith , R . H ., T a tsu n o , J .  a n d  Z o uhar, R . L. (1967): E le c tro a n es th e s ia  — a review  — 1966. 
A nesth. A nalg. 46, 109 — 125.
Snedecor, G. W. an d  C ochran, W . G. (1967): S ta tis tica l M ethods. O xfo rd  and  IB H  P u b lish in g  
Co., New D elhi.
A jIq Veterinaria Hungarica 31, 1983

Acta Veterinaria Hungarica 31 (1 — 3), pp. 91 — 102 (1983)
STUDIES ON THE BIOLOGY AND PATHOLOGY 
OF THE COMMON CARP PARASITE M Y X O B O L U S  
B A S I L A M E L L A R I S  LOM ET MOLNÁR, 1983 
(MYXOZOA: MYXOSPOREA)
Éva K ovács-Gayer and К. Molnár
C entral V e te rin a ry  I n s t i tu te ,  1149 B u d ap est, T áb o rn o k  u. 2; a n d  V e te r in a ry  M edical R esearch  
In s t i tu te ,  H u n g a rian  A cad em y  of Sciences, 1143 B u d ap es t, H u n g á ria  k r t .  21, H u n g a ry
(R eceived F e b ru a ry  2, 1983)
M y x o b o lu s  b a s i la m e lla r is  L om  e t M olnár, 1983 is a f re q u e n t p a ra s ite  o f com m on carp  
fry  an d  one-sum m er com m on  carp  cu ltu red  in  f ish  farm s. In  th e  d ev elo p m en t o f th e  p a ra s ite  
in  th e  fish , a  tw o -p eak ed  seaso n ality  can  be observed. T he p a ra s ite  occurs in  2 to  4 m o n th s  
old fry  in  sum m er, w hile in  one-sum m er carp  th e  cy sts a p p ea r a f te r  overw in te rin g , in  th e  e a r ly  
spring  m o n th s , an d  b y  th e  beg inn ing  of sum m er th e y  becom e e v ac u a te d . M . b a s i la m e lla r is  
is a  host- an d  organospecific  p a ra s ite . I ts  cy sts develop a t  ch a ra c te ris tic  loca tions, on  th e  b ase  
o f th e  gill filam en ts  o r in  th e  inside  o f the  cartilag in o u s gill a rch , fo rm ing  o u te r  o r in n er c y sts  
w hich o ften  co m m unica te . T h e  developm ent o f cy sts a lw ays s ta r ts  fro m  th e  connective  tis su e  
w hich covers th e  basis o f th e  cartilag inous gill ra y s  su p p o rtin g  th e  f ila m en ts . M . b a s i la m e lla r is  
is a  m o d era te ly  p a th o g en ic  p a ra s ite  species. M o rta lity  due to  th is  species h as n o t been obse rv ed  
so fa r, a lth o u g h  th e  c irc u la to ry  d isorder caused b y  th e  p a ras ite  th ro u g h  deform ing th e  b lood  
vessels o f gills is sig n ifican t.
K eyw ords. M y x osporea , b iology, p a th o lo g y , com m on carp  p a ra s ite .
D urin g  th e  re g u la r  an im al h e a lth  su rv ey  co n d u c ted  in  H u n g a rian  fish  
fa rm s, a M yxobolus  species w as found  in  com m on ca rp  fry  an d  one-sum m er 
com m on carp , on th e  b ase  o f  th e  gill f ilam en ts , a tta c h e d  d ire c tly  to  th e  c a r tila g ­
inous s tru c tu re  o f th e  gill arch  or developing  in  its  c a v ity , in  cysts  o f th e  
size of a p in h ead . T h is  M yxobolus  species w as n o t id e n tif ia b le  w ith  an y  o f th e  
M yxobolus  an d  M yxosom a  species described  p rev io u sly  in  carp . On th e  basis  
of its  m orphological p ro p e rtie s  an d  ch a rac te ris tic  lo ca tio n , Lom  an d  M olnár 
(1983) described  th is  p a ra s ite  as a new  species, M yxobolus basilamellaris.
T he n u m b er o f  M yxosom a  an d  M yxobolus  species p a ra s itiz in g  carp  is 
ex trem ely  large . O f th e se , S hu lm an  (1962) described  16 species in  th e  S ov ie t 
U nion, an d  A k h m ero v  (1960) found  8 species, am ong th e m  5 new  ones, in  
com m on carp  liv ing  in  th e  R iv e r A m ur. D urin g  his s tu d ie s  on fish  liv ing  in  
th e  R iv e r S u rk h a n d a ria  in  C entral A sia, A llam u ra to v  (1974) re p o rte d  th e  
occurrence o f 10 M yxobolus  an d  M yxosom a  species in  com m on carp . A cco rd ­
ing to  W alliker (1968), th e  nam es M yxobolus  an d  M yxosom a  can  be considered  
synonym ous. R e c e n tly  Y ak o v tsh u k  (1979) has in creased  th e  n u m b e r o f  
M yxobolus spp . p a ra s itiz in g  com m on carp  w ith  M . m usseliusae  found  in  th e  
gill f ilam en ts . I n  S h u lm a n ’s m onograph  (1966), th e  m a jo r ity  of th e  species
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d esc rib ed  in  com m on c a rp  are  n o t re g a rd e d  as host- an d  o rganospecific  p a ra ­
s ite s . I n  th is  m o n o g rap h , d ifferen t fish  species are  in d ic a te d  as h o sts , an d  
d iffe re n t organs as possib le  lo ca tio n s fo r  th e  sam e M yxobolus  species. In  
M itch e ll’s opinion (1977), b o th  s tr ic tly  h o st-  an d  o rganospecific  species an d  
less specific  ones can  he  fo u n d  am ong  M yxosporea.
T h e  p resen t p a p e r  rep o rts  on  th e  dynam ics o f o ccu rrence , seasonal 
p h a se s  o f cy st d ev e lo p m en t an d  p a th o lo g ica l sign ificance o f  M . basilam ellaris, 
b a se d  on  th e  re su lts  o b ta in e d  d u rin g  th e  sy s te m a tic  d issec tion  o f fish  an d  b y  
h isto lo g ica l ex am in a tio n s .
Materials and m ethods
Since th e  f ir s t  o b se rv a tio n  o f M . basilam ellaris in  1978, we h av e  sy s te m ­
a tic a lly  perfo rm ed  d issec tion  o f c a rp  f ry  an d  one-sum m er carp  of a fish  
fa rm  in  E a s te rn  H u n g a ry . The su rv ey  w as con d u cted  from  M arch up  to  th e  
en d  o f  N ovem ber. O ccasionally , o lder ca rp  an d  herb iv o ro u s fishes k e p t in  th e  
sam e  po n d  (g rasscarp , silver carp , b ig h ead ) w ere also exam in ed . T hree  to  
5 f ish  w ere sam pled  on each occasion. F o r  ro u tin e  h isto log ica l ex am in a tio n , 
sam p les  w ere ta k e n  from  th e  gills, in n e r  o rgans an d  m uscles o f th e  fish , w ere 
p laced  in to  10%  b u ffe red  fo rm alin , a n d  frozen  sections w ere p rep a red  from  
th e m . O rgan sam ples ta k e n  from  in fe c te d  or suspect fish , as w ell as from  
som e con tro l ones, w ere fix ed  in  B o u in ’s so lu tion , em b ed d ed  in  p a ra ff in  an d  
sec tio n ed . To d e te rm in e  th e  lo ca tio n  o f cysts  m ore p rec ise ly , tra n sv e rsa l 
sec tio n s w ere m ade from  som e gills, in  a d d itio n  to  th e  u su a l lo n g itu d in a l ones. 
T h e  m a jo rity  of th e  sec tions w ere s ta in e d  w ith  h aem a to x y lin  an d  eosin, a l­
th o u g h  G iem sa’s, K o ssa ’s, F a rk a s -M a llo ry ’s an d  v a n  G ieson’s s ta in in g  te c h ­
n iq u e s  w ere also used .
F o r rou tin e  d iagnostic  purposes, f ish  sen t to  th e  la b o ra to ry  from  o th e r 
f ish  fa rm s of H u n g a ry  w ere also ex am in ed  sy s tem a tica lly  a n d  used  for com ­
p a ra tiv e  purposes.
R esults
M acroscopic exam inations. In fe c tio n  w as alw ays o bserved  f irs t  in  a b o u t 
tw o  m o n ths old carp  fry , in  th e  second  h a lf  of Ju ly . A t t h a t  tim e , w h ite  p a ­
p u le s  o f th e  size o f a p in h ead  w ere seen , som etim es also w ith  th e  u n a id ed  eye, 
on  th e  base of th e  gill. These p ro v ed  to  b e  M yxobolus  cy sts  c o n ta in in g  spores 
(F ig . 1). A t th e  sam e tim e , th e  p resence  o f young  d ev e lo p m en ta l stages w as 
d e m o n s tra te d  h is to log ica lly  in  som e sy m p to m -free  fish . A t th e  end  of A u g u st, 
o n ly  spo re-con ta in ing  cysts  w ere fo u n d , an d  from  S ep tem b er onw ards in ­
fe c te d  ind iv iduals cou ld  no longer be  d e tec ted . In fec tio n  w as d em o n stra ted  
a g a in  in  th e  stock  ea rly  in  M arch, a f te r  th e  ice h ad  passed , w h en  spo re-con ta in -
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Fig. 1. A n te rio r p a r t  of a  one-sum m er carp . T he opercu lum  is rem o v ed . N ote th e  tw o w h ite  
M yxobolus basilam ellaris cysts (arrow ) on th e  gill a rch , on  th e  side facing  the  gill f ila m en ts .
N a tu ra l size
Fig. 2. L o n g itu d in a l section  of an  o u ter M . basilam ellaris cy s t lo ca ted  a t  the  base o f th e
gill filam en ts . H - E .  X75
ing  cysts w ere o bserved  again . This in fec tio n  g ra d u a lly  subsided  up  to  th e  
end of A pril an d  d isap p eared  in  M ay. A fte rw ard s, in fec tio n  did n o t occu r 
on o lder fish  a t  all. In fec tio n  w as d iagnosed  in all ponds o f th e  fish  farm  s tu d ie d , 
a lthough  its  r a te  v a ried  from  pond  to  p o n d  ( 3 —4 5 % ). In  in tensive  in fec tio n , 
th e  n u m b er o f cy sts  p er gill a rch  reached  10 to  18.
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F ig . 3. (a ) M . basilam ellaris cysts in th e  c a v ity  o f th e  gill arch; (b) b lo o d  vessels o f th e  gill; 
(c) c artilag in o u s base o f th e  gill f ilam en ts; (d ) re m n a n ts  of secondary  (re sp ira to ry )  lam ellae; 
(e) c av ity  o f th e  gill a rch . T ra n sv e rsa l section, H —E . X 75
F ig . 4. (a) JVf. basilam ellaris cyst h av in g  b o th  a n  o u te r  and  an  in n e r  sack ; (b) re sp ira to ry  
lam e llae ; (c) c av ity  o f th e  gill arch; (d) c a rtila g in o u s  base of th e  gill f ila m en ts . L o n g itu d in a l
sec tion , H - E .  X75
T he p resence  o f M yxobolus basilam ellaris  was estab lish ed  also in  som e 
o th e r  fish  farm s o f H u n g ary . H o w ev er, th e  la t te r  farm s w ere n o t su b jec ted  
to  th o ro u g h  su rv ey . C ysts o f M . basilam ellaris  were n o t fo u n d  in  herb iv o ro u s 
fish es , n o t even i f  th e se  were k e p t in  po ly cu ltu res .
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Histological exam ina tions. M . basilam ellaris c y s ts  w ere found in  tw o 
ad jo in ing , s tr ic tly  specific , locations. T he cy sts  re fe rred  to  as “ o u te r”  cysts  
w ere loca ted  a t  th e  b a se  o f  th e  gill f ilam en ts  (F ig . 2), w h ile  th e  “ in n e r”  ones 
in  th e  c a v ity  o f  th e  c a rtilag in o u s  gill a rch  (F ig . 3). B o th  th e  o u te r an d  th e  
in n e r cysts w ere closely  co nnec ted  w ith  th e  base  o f th e  cartilag inous ra y  of 
th e  gill f ilam en ts , w h ich  s tru c tu re  c o n s titu te d  also th e  v a u ltin g  of th e  cav ity  
o f th e  gill a rch . T h e  m a jo r ity  o f cysts  consisted  o f tw o  sacks, one lo ca ted  a t  
th e  basis o f th e  gill f ila m e n ts  an d  th e  o th e r w ith in  th e  gill a rch . The tw o sacks
Fig. 5. P resum ed  m ode of ev ac u a tio n  of an  in n er cyst, (a ) cysts ; (b ) cartilag e  b roken  th ro u g h  
or pushed  aside; (c) ep ith e liu m ; (d) blood vessels. C ross-section , H -E . X l2 0
F ig. 6. In itia l phase  o f c y s t d ev elopm en t. Y oung cysts  (a ) in  th e  p e rich o n d ra l connective 
tissu e  (c) o f th e  ca rtilag in o u s base  (b) of gill f ilam en ts; (d) c av ity  o f th e  gill a rch ; (e) re sp ira to ry
lam ellae . Cross-section, H -E .  X 160
Acta Velerinaria Hungarica 31, 1983
9 6 K O V Ä C S -G A Y E R  a n d  M O L N Á R
w ere  co n n ec ted  b y  a n a rro w  is th m u s  w hich  ran  b e tw een  th e  ca rtilag in o u s  
b ase s  o f  gill filam en ts  a n d  p assed  th ro u g h  th e  connective tis su e  la y e r  su rro u n d ­
in g  th e  b lood  vessels an d  nerves (F ig . 4). H ow ever, even a f te r  h av in g  exam ined  
la rg e  n u m b ers  of sam ples, we a re  u n ab le  to  estab lish  o b v io u sly  w h e th e r th e re  
a re  c y s ts  consisting  o n ly  of o u te r  a n d  in n e r sacks and  lack in g  th e  is th m u s , or 
th e  ab sen ce  of com m u n ica tio n  re su lts  on ly  from  th e  im p erfec tio n  of h is to lo g ­
ica l te c h n iq u e . In  a tra n sv e rsa l sec tio n  of th e  gill a rch  i t  c a n  be  seen (F ig . 5) 
t h a t  th e  w idening o u t o f a m a tu re  in n e r cy st pushes aside  th e  cartilag in o u s 
b a se , a n d  th e  cyst p ro tru d e s  o u tw a rd s . T his figure in d ica te s  t h a t  in n e r  cysts 
p ro b a b ly  lack  th e  is th m u s, an d  show s th e  p ro b ab le  m echan ism  o f spore ev a c u a ­
tio n . T h e  youngest cy s ts  w ere fo u n d  in  th e  p e rich o n d ra l co n n ec tiv e  tissue  
c o v e rin g  th e  ca rtilag inous bases o f  gill f ilam en ts  (Fig. 6). B o th  th e  o u te r  an d  
th e  in n e r  cysts, even in  fu lly  m a tu re d  s tage , were d em arca ted  from  th e  c a rtila g ­
in o u s  cells only  b y  a single cell la y e r  o f connective tissu e  (F ig . 7). T he sam e 
sin g le -lay e red  connective  tissu e  d e m a rc a ted  th e  cysts fro m  th e  su rro u n d in g  
c e llu la r  elem ents also in  p a r ts  w here  th e y  were n o t co n tig u o u s w ith  cartilag e  
cells (F ig . 7). The con n ec tiv e  tissu e  ch a ra c te r  of th e  cells c o n s titu tin g  th e  
c a p su le  o f th e  cy st w as co n firm ed  b y  th e  specific s ta in in g  tech n iq u es  (van  
G ieso n ’s and  F a rk a s-M a llo ry ’s s ta in in g ). B o th  th e  y o u n g  a n d  th e  old cysts 
c o n ta in e d  a narrow  eosinophil e c to d e rm a  5 pm  in th ick n ess . W ith in  th e  ecto- 
d e rm a , in  th e  y o ung  cy sts  a th in  la y e r  of d ev e lo p m en ta l stages, p rim a rily  
p a n sp o ro b la s ts , w ith  d eep ly -s ta in in g  nuclei was d em o n strab le  (F ig . 7). The 
c e n tra l  p a r t  o f th e  cy sts  w as filled  w ith  spores even in  y o u n g  cysts . In  m ore 
d ev e lo p ed  cysts, th e  ec to d erm a  d ire c tly  ad jo ined  th e  spores.
F ig .  7. R ela tion  of th e  cy st to  th e  cartilag in o u s s tru c tu re  o f th e  gill f ila m en t, (a ) spores; 
(b )  develo p m en ta l s tages; (c) e c to p lasm  o f th e  cyst; (d) pe rich o n d ra l con n ec tiv e  tissu e  cells; 
(e) cartilag in o u s s tru c tu re ; (f) c av ity  of th e  gill a rch . H - E .  X350
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Fig. 8. F irs t ty p e  of re p ara tio n  of d is in teg ra ted  an d  p a r tly  ev acu ated  in n er cysts. G ra n u la tio n  
tissue  (b) p e n e tra te s  in to  th e  cav ity  of th e  d is in teg ra ted  cy st (a), in  be tw een  th e  re ta in e d  
spores. M atu re  spores in a n o t y e t d is in te g ra te d  cy st (c); (d) cartilag in o u s base o f th e  gill 
filam ents. L o n g itu d in a l section , H -E . X75
Fig. 9. R e p a ra tio n  of p a r tly  ev acu ated , co m m u n ica tin g  o u ter an d  in n er cysts. Loose connective  
tissue  p ro life ra ted  a ro u n d  th e  spores re ta in e d  in  th e  place of th e  in n er (a) an d  o u te r  (b ) cyst, 
an d  th e  spores g a th e red  in to  lacunas. L o n g itu d in a l section , F a rk a s  —M allory’s s ta in  X 75
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F ig . 10. Cyst of M yxobolus d ispar  (C) on th e  ap ical p a r t  o f th e  gill f ilam en t. L o n g itu d in a l
section , H E .  X 75
A fte r th e  b u rs t  o f th e  cy st, spores re ta in e d  in  th e  tissu es  w ere genera lly  
fo u n d  only  w ith in  th e  gill a rch . R e p a ra tio n  o f tissues to o k  p lace w ith o u t 
ap p e a ra n ce  of in f la m m a to ry  cells. Tw o ty p e s  o f reg en e ra tio n  w ere d iscern ib le . 
I n  th e  f irs t  ty p e , th e  g ra n u la tio n  tissu e  consisting  o f la rg e  cells a b u n d a n t in  
p la sm a  p e n e tra te d  in to  th e  decom posed  c y s t as a u n ifo rm  m ass (F ig. 8), 
w h ile  in  th e  second ty p e  o f reg en e ra tio n  th e  spores re ta in e d  in  th e  cy s t w ere 
su rro u n d e d  b y  loose co n n ec tiv e  tissu e  an d  g a th e red  in to  lacu n as co n ta in in g  
a few  spores (Fig. 9). S pores iso la ted  in  th is  m a n n e r show ed signs o f d eg en era­
tio n .
Associated in fections. Gill necrosis, th e  dam age reg a rd ed  p rim a rily  as 
a co n d itio n  caused  b y  adverse  e n v iro n m e n ta l fac to rs , w as freq u en t in  th e  
s to ck s  s tud ied . D actylogyrus, p r im a rily  D . extensus, in fec tio n  of th e  fish  w as 
d e m o n s tra te d  in  a lm o s t a ll cases. O ccasionally  gill sphaerosporosis, sangu in i- 
colosis an d  M yxobolus d ispar  in fec tio n  w ere also d iagnosed . M yxobolus basila- 
m ellaris  an d  M . d isp a r  in fec tions w ere easily  d is tin g u ish ed  on th e  basis  o f 
p a ra s i te  location  a n d  spo re  m orpho logy , since th e  la t te r  gave rise  to  th e  d evel­
o p m e n t of cysts a t  th e  ends of gill f ila m e n ts  (F ig . 10) an d  re su lted  in  b re a k in g  
o ff o f  filam en ts.
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Fig. 11. O u te r (a) and  in n e r  (b) cysts in  th e  gill of a carp . N o te  th e  congestion  (c) in  th e  gill 
a rch  c a v ity  b locked  by  cysts. L on g itu d in a l sec tion , H - E .  X75
Aetiology and pathogenesis. M o rta lity  due to  m yxobo losis  was n o t o b serv ed  
in  th e  in fec ted  s to ck s, n o t  even in  severe in fec tion . T h e  occasional absence o f 
som e gill f ila m e n ts  w as alw ays a ttr ib u ta b le  to  a sso c ia ted  infections, p r im a ­
rily  to  gill necrosis a n d  d ac ty lo gyrosis. B reak ing  o ff o f  gill f ilam en ts w as n o t  
observed  even in  m ore  severe in fec tion . H ow ever, th e  lo ca l pathogen ic  effect 
o f M . basilam ellaris cy s ts  w as easily  d em o n strab le . T h e  grow ing o u te r cy s ts  
lif ted  th e  b asa l p a r t  o f  gill f ilam en ts  from  th e ir  base  a n d  deform ed th e  n e ig h ­
b o u rin g  re sp ira to ry  lam ellae , th e re b y  lead ing  to  re d u c tio n  o f  th e  re sp ira to ry  
su rface  (F igs 2 a n d  4). T he in n e r cysts filled  th e  m a jo r  p a r t  o f th e  gill a rc h  
c a v ity  (F ig . 3), d e fo rm ed  an d  narro w ed  dow n th e  b lo o d  vessels and  n erv es  
passing  th ro u g h  th e  c a v ity , causing  congestion  (F ig . 11). A t th e  sites o f cy s t 
ev acu a tio n  an d  n e a r  th e  is th m u s d em arca tin g  th e  o u te r  an d  inner cy s ts , 
d e fo rm atio n  o f th e  c a r tila g e  la y e r  w as also seen (F igs 3 a n d  5). G eneral c lin ical 
sy m p to m s w ere n o t o b se rv ed  in  th e  fish .
D iscussion
O n a m o rp h o lo g ica l basis, Lom  an d  M olnár (1983) h a v e  p roved  t h a t  
M . basilam ellaris is a new , p rev iously  unknow n , ca rp  p a ra s ite . O ur p re se n t 
in v es tig a tio n s  h av e  show n  th e  m a jo r bio logical c h a ra c te r is tic s  o f th e  p a ra s ite . 
A su rv ey  o f severa l h u n d re d  fish  has p ro v ed  th a t  th is  M yxobolus  species is 
s tr ic tly  o rganospecific  a n d  i t  occurs exclusively  on th e  gills, hav ing  special 
a ff in ity  to  th e  f ib ro u s  p e ric h o n d ra l cells c o n s titu tin g  th e  b ase  o f th e  c a r tila g ­
inous a rch  of gill f ila m e n ts .
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So fa r, M yxosom a cartilaginis  p a ra s itiz in g  C en tra rch id ae  fishes h as  been  
th e  o n ly  species know n to  develop  in  th e  gill arch  (H o ffm an  e t al., 1965). 
H o w e v e r , th is  species, s im ila rly  to  M yxosom a cerebralis s tu d ie d  b y  H a llid ay  
(1973), s ta r ts  to  develop am o n g  th e  c a rtila g e  cells, an d  n o t  on th e ir  surface. 
C y st d ev e lopm en t s ta r t in g  fro m  th e  c a rtila g e  m em branes h as  been  described  
in  d e ta i l  b y  M olnár (1982) wdio fo u n d  Thelohanellus n iko lsk ii cy s ts  su rro u n d ed  
b y  p e ric h o n d ra l cells o f th e  fin  ray s . T h e  com position  o f th e  tw o  cy st w alls 
o f  h o s t  origin differs s ig n ifican tly , since th e  cartilag inous capsu le  seen a ro u n d  
Thelohanellus  cysts is a b se n t from  th o se  o f  M . basilam ellaris. T h is difference 
o b v io u s ly  resu lts  from  th e  d iffe ren t n a tu re  o f th e  tw o ca rtila g e s ; th e  cartilag e  
o f  g ill f ilam en ts  is a h y a lin e  ca rtilag e  consisting  of ca rtilag e  cells, w hile th a t  
o f  th e  f in  rays is p ro d u ced  b y  th e  p e ric h o n d ra l cells su rro u n d in g  th e m . T his 
q u e rie s  th e  n a tu re  of th e  cells su rro u n d in g  M . basilamellaris cy s ts , i.e. w h e th e r 
th e s e  cells can  be re g a rd ed  as p e ric h o n d ra l cells.
O rganospecific M yxobolus  species h av e  been ra re ly  m en tio n ed  in  th e  
l i te r a tu r e .  M . dogieli liv in g  in  th e  m y o card iu m  of com m on ca rp  (S hu lm an , 
1966 ; B a u e r e t al., 1977) a n d  M . cerebralis, w hich lives in  th e  ca rtilag es  of th e  
sk u ll o f  salm onids, belong  to  th ese . T he o b serv a tio n s of c e r ta in  a u th o rs  (Iv asik , 
1953 ; L u ck y , 1965; B a u e r e t  a l., 1981) a n d  our resu lts  also  suggest th a t  th e  
e x c lu s iv e  location  of M . d ispar  is th e  ap ica l and  cen tra l p a r t  o f th e  gill f ila ­
m e n ts , in  sp ite  of th e  fa c t t h a t  i t  h ad  ea rlie r been re p o rte d  to  occur in  several 
o rg a n s .
O u r know ledge co n cern in g  th e  h o s t specific ity  of M yxosporea  is in su ffi­
c ie n t because  in fec tion  ex p e rim en ts  a re  unacco inp lishab le . T h e  m ost re liab le  
o b se rv a tio n s  were m ade d u rin g  tra n sc o n tin e n ta l  fish  tra n s p o r ta tio n s . I t  w as 
p ro v e d  during  these  t ra n s p o r ta t io n s  t h a t  M . cerebralis in tro d u c e d  to  A m erica 
wras a b le  to  infect all m em b ers  o f S alm onidae  (H offm an  a n d  P u tz , 1969; 
O ’G ro d n ick , 1979), an d  th u s  i t  w as re g a rd e d  as a p a ra s ite  w ith  a re la tiv e ly  
w ide  h o s t range. On th e  o th e r  h an d , M yxobolus p avlovskii an d  M . drjag in i, 
th e  p a ra s ite s  of th e  H ypoph tha lm ich thys  species in tro d u c e d  to  E u ro p e , can  
f in d  th e  conditions e ssen tia l fo r th e ir  life on ly  in  th e ir o rig inal h o s ts , H . m olitrix  
a n d  H . nobilis (M olnár, 1979; Y a k o v tsh u k , 1981). A ccord ing  to  our p re sen t 
k n o w led g e , M . basilam ellaris belongs to  th e  la t te r  ty p e  o f M yxobolus  species.
A s regards th e  d ev e lo p m en t o f M yxozoa, tw o ty p e s  h a v e  been  d is tin ­
g u ish e d  in  the  lite ra tu re . I n  th e  f irs t  ty p e , spore p ro d u c tio n  ta k e s  p lace con­
tin u o u s ly  in  d ifferent seasons, in  a re la tiv e ly  sho rt tim e . T h e  d ev e lopm en t o f 
M . p a v lo vsk ii belongs to  th is  ty p e  (L u ck y , 1978; M olnár, 1979). T he re p ro d u c ­
t io n  o f  o th e r species, e.g . H oferellus c yp r in i, M yxosom a cerebralis, M yxobolus 
d r ja g in i  is ch aracterized  b y  a seasonal cycle covering a y e a r  (P lehn , 1924; 
S h u lm a n , 1966; W u B ao h u a  e t a l., 1979). T he developm ent o f  M . basilam ellaris 
show 's a tv'O-peaked sea so n a lity . T he develo p m en ta l cycle o f  th e  p a ra s ite  ru n s 
i ts  co u rse  W'ithin a sh o rt tim e  in  carp  fry  in fected  soon a f te r  h a tch in g , an d
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M . basilam ellaris p roduces m a tu re  spores in  tw o m o n th s ’ tim e . In  a d d itio n  to  
c a rp  fry , an  in fe s ta tio n  can  he d e m o n s tra te d  also in  o n e-su m m er carp  in  th e  
sp rin g . In  th e  la t te r  case, th e  ea rly  d ev e lopm en t o f th e  cy s ts  ta k e s  place in  th e  
w in te r  m o n th s, an d  th e y  develop  slow ly, obv iously  due to  th e  low  w a te r te m p e ra ­
tu re .  In fec tio n  of th is  ty p e  has also been  described  in  th e  l i te ra tu re :  S hu lm an  
(1966) re p o rte d  sim ilar cases fo r Chlorom yxum  flu v ia ti le , M yxobila tus legeri 
a n d  M y x id iu m  lieberkiihni.
T he cellu lar response  o f th e  h o s t o rganism  is neglig ib le , since th e  cy s t is 
su rro u n d e d  b y  on ly  one cell row  o f co nnective  tissue . T h e  s tu d ie s  of D y k o v á  
a n d  L om  (1978) show ed th a t  a m ark ed  tissu e  response acco m p an ied  by  g ra n u ­
lo m a  fo rm a tio n  s ta r te d  on ly  a f te r  com plete  m a tu ra tio n  o f  spores. D uring  th is  
re sp o n se , g ran u la tio n  tissu e  filled  th e  p lace o f cysts an d  e lim in a te d  th e  re ta in e d  
spo res. O u te r cysts  o f M . basilam ellaris lo ca ted  a t  th e  b ase  o f  gill filam en ts  
p re su m a b ly  ev acu a te  th e ir  c o n te n ts  to  th e  o u tside  w7o rld  easily  since th e y  
a re  su rro u n d ed  b y  a single cell row  o f connective  tissue  o rig in  an d  b y  a narro w  
e p ith e lia l cell lay e r on ly . Spores m a y  ge t to  th e  o u tw orld  from  th e  in n er sack 
h a v in g  an  is th m u s in  a s im ila r m an n e r, th u s , re p a ra tio n  m a y  ta k e  p lace w ith o u t 
m a rk e d  g ran u la tio n  tissu e  fo rm a tio n . T he m ode o f ev a c u a tio n  o f cysts  hav in g  
o n ly  an  in n er sack is n o t k n o w n  y e t. C erta in  observ a tio n s in d ic a te  th a t  such  
cy s ts  can  also ev acu a te  th e ir  c o n te n ts  to  th e  ou tside  w o rld , p a s t  th e  base 
ca rtilag es  o f gill f ilam en ts  (F ig . 5). T h e  m a jo rity  o f spores, h ow ever, are re ta in e d  
in  th e  c a v ity  o f th e  gill a rch  a n d  becom e su rro u n d ed  b y  g ra n u la tio n  tissue . In  
o u r cases th e  g ran u la tio n  tissu e  d id  n o t co n ta in  in f la m m a to ry  cells or ro u n d  
cells.
T he resu lts  o b ta in ed  on th e  p a th o g e n ic ity  o f th e  p a ra s ite  are  in su ffic ien t. 
C ysts developing  a t  th e  base  o f th e  gill f ilam en ts  n e ith e r  cau se  severe dam ages 
in  th e  re sp ira to ry  lam ellae  n o r lead  to  th e  b reak in g  off an d  la s tin g  defo rm ation  
o f  gill f ilam en ts . T he ro le o f th e  cy sts  o r p a r ts  o f cysts d ev e lop ing  in  th e  gill 
a rch  c a v ity  is m ore s ig n ifican t, since these  im p a ir th e  fu n c tio n in g  of blood 
vessels and  nerves o f th is  a rea . D ue to  th e  in su ffic ien t b lo o d  c ircu la tion , 
severe  M . basilam ellaris in fec tio n  m a y  be a sig n ifican t fa c to r  in  im pairing  th e  
gen era l resistance  o f th e  o rgan ism . I t  c an n o t he exc luded  th a t  secondary  
p a th o g e n ic  ag en ts  (D actylogyrus, F lexibacterium )  m ay  e s ta b lish  them selves 
m ore  easily  on th e  gill f ila m e n ts  in su ffic ien tly  supplied  w ith  b lood , th e re b y  
re su ltin g  in  secondary  in v asio n  or in fec tion .
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MORPHOLOGICAL AND HISTOCHEMICAL 
STUDIES FOR THE EVALUATION OF SEVERAL 
IRON PREPARATIONS IN PIGLETS
R . G l á v i t s  a n d  M ária J u h á s z - B u c s e k  
Cen tra l V e terin ary  In s t i tu te ,  1149 B u d ap est, T áb o rn o k  u. 2, H u n g a ry
(R eceived  F e b ru a ry  14, 1983)
Gross pa tho log ica l, h istopath o lo g ica l, h istochem ical a n d  e lec tro n  m icroscopic p ro ce­
dures a n d  blood analysis w ere used  to  co m pare  th e  ab so rp tion  a n d  d is tr ib u tio n  of a  p e ro ra l 
(H em ogen pu lv is) and  th ree  p a ren te ra l (C hinofer 75 m g F e /m l, L eodex and  M aster-m ix) 
iron  p re p a ra tio n s  in  5 and  21 days old suck ling  pigs.
Of th e  th ree  d e x tra n -ty p e  in je c tio n  p rep ara tio n s, L eodex a n d  M aster-m ix  abso rbed  
rap id ly  an d  e ffic ien tly , an d  was d is tr ib u te d  un iform ly  in th e  o rgan ism , co n sid erab ly  e le v a t­
ing th e  iron  co n cen tra tio n  an d  to ta l  iro n -b in d in g  cap acity  of th e  blood. C hinofer fo rm ed  a 
“ local iro n  d ep o t”  p rim arily  a t  th e  site  o f in jec tio n  and in th e  reg ional ly m p h  nodes. H em ogen 
pu lv is (ferrous ox a la te ) ad m in istered  th ro u g h  a stom ach  tu b e  re su lte d  in  su ffic ien t iro n  con­
c en tra tio n s  in  th e  blood. T he age of th e  p ig le ts  did no t influence th e  ab so rp tio n  an d  d is tr ib u ­
tio n  p rop erties  o f th e  four iron  p rep ara tio n s  stud ied .
K eyw ords. Iro n  p re p a ra tio n s , m orphological s tu d y , p ig lets.
A lthough  iron  su p p le m e n ta tio n  given to  sows c a n n o t e lim ina te  th e  iron  
deficiency syndrom e of p ig le ts , i t  m ay  co n stitu te  an  im p o r ta n t  p a r t  o f th e  
com plex p rev en tio n . T herefo re, iro n  su p p lem en ta tio n  a d m in is te red  to  new ­
bo rn  p ig le ts  p e ro ra lly  or in  in je c tio n  form  is in d isp en sab le . T he aim  o f th e  
p re sen t ex p erim en t w as to  s tu d y  th e  abso rp tio n  a n d  tissu e  d is tr ib u tio n  of 
v a rio u s iron  p re p a ra tio n s  ad m in is te red  b y  d ifferen t ro u te s .
M aterials and methods
Piglets. T E T R A -S  h y b rid  suck ling  p ig lets k e p t in  a large-scale  p ig  u n it 
w ere used . T en  suck ling  pigs o f th e  sam e l i t te r  were chosen  fo r th e  ex p erim en t. 
T he p ig le ts  w ere in  an  a p p a re n tly  id en tica l d ev e lo p m en ta l s ta te . T h ey  w ere 
m ark ed  in d iv id u a lly  in  a p e rm a n e n t m anner.
Iro n  preparations. C hinofer in j. ad  us. v e t., 75 m g iron /m l; M aster-m ix  
in j. ad  us. v e t.;  L eodex  in j. ad  us. v e t .;  ferrous (II)  o x a la te . C hinofer, M aster- 
m ix  a n d  L eodex  w ere in jec ted  in to  th e  th ig h  m uscle, w hereas ferrous o x a la te  
w as ad m in is te red  th ro u g h  a s to m ach  tu b e .
Tw o p ig le ts  w ere tre a te d  w ith  each  p rep a ra tio n , th e  one w hen 3 days 
old a n d  th e  o th e r  w hen  19 day s o ld . E ach  an im al rece iv ed  100 m g iron /kg  
b o d y  w eigh t in  a single dose. T h e  t r e a te d  pig lets w ere e x san g u in a ted  in  th e
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4 8 th  h  a fte r iron  a d m in is tra tio n  (i.e. w hen  5 an d  21 day s old) to g e th e r w ith  
o n e  u n tre a te d  (n eg a tiv e ) co n tro l in  each  case.
Histological and  histochem ical exam inations. Sam ples w ere ta k e n  from  
th e  th ig h  muscle a t  th e  s ite  o f  in jec tio n , from  th e  sub iliaca l, m esen teric  an d  
ce rv ica l lym ph nodes, liv e r  an d  spleen. A fte r f ix a tio n  in  fo rm a lin  an d  em bed­
d in g  in  paraffin , th e  sec tio n s  w ere s ta in ed  w ith  h a em a lau n  a n d  eosin. In  frozen 
sec tio n s  prepared  fro m  th e  liv er, F e t t r o t  s ta in in g  w as used  fo r  th e  detec tion  
o f  lip id s , iron w as d e m o n s tra te d  b y  T u rn b u ll’s reac tio n , w hile  d e x tra n  an d  
g lycogen  by  th e  PA S re a c tio n . G öm öri’s silver im p reg n a tio n  m e th o d  was used 
fo r  th e  exam ination  o f  th e  re tic u la r  fib re  n e tw o rk .
Electron-microscopical exam ination . O ne sam ple  w as ta k e n  from  th e  liver 
o f  each  anim al. A fte r d o u b le  f ix a tio n  in  2 .5 %  g lu ta ra ld e h y d e  a n d  in  1%  osm ium  
te tro x id e , bo th  b u ffe re d  w ith  0.1 M sodium  caco d y la te , a n d  d eh y d ra tio n  w ith  
e th a n o l, the  sam ple w as em bedded  in  D u rcu p an  ACM in  th e  u su a l w ay. U ltra - 
th in  sections w ere c o u n te rs ta in e d  w ith  u ra n y l a c e ta te  an d  lead  c itra te , an d  
ex am in ed  in a P h ilip s  201 CS e lec tron  m icroscope.
Chemical assays. T h e  iron  c o n cen tra tio n  an d  to ta l  iro n -b in d in g  capac ity  
o f  th e  blood p la sm a  w ere  d e te rm in ed . F o r th is , b lood  sam ples w ere w ith ­
d ra w n  from  all an im a ls  before  iro n  t re a tm e n t an d  p rio r to  s lau g h te rin g  p e r­
fo rm ed  48 h la te r , a n d  w ere an a lysed  using  L a R oche’s d iag n o stic  iron  te s t. 
P h o to m e try  was p e rfo rm e d  in  a S pek trom om  204 a p p a ra tu s , a t  a w avelength  
o f  546 nm .
Results
A t necropsy o f  th e  5 an d  21 days old p ig le ts  t re a te d  w ith  Chinofer, th e  
su b cu tan eo u s c o n n ec tiv e  tissu e  an d  m uscles o f th e  th ig h  ip s ila te ra l w ith  th e  
i r je c t io n  site show ed in te n s iv e  b row n ish -b lack  d isco lou ra tion  a n d  w ere sligh tly  
oedem atous from  th e  su b iliaca l to  th e  p e rian a l reg ion . T he ip s ila te ra l subiliacal 
a n d  iliacal lym ph  n o d es  w ere also b ro w nish -b lack , sw ollen a n d  succulen t. On 
th e  o th e r hand , n e i th e r  th e  c o n tra la te ra l sub iliaca l a n d  iliaca l ly m p h  nodes, 
n o r  lym ph  nodes o f  m o re  rem o te  regions show ed n o ta b le  d isco loura tion . In  
an im als  tre a te d  w ith  M aste r-m ix  or L eodex  p re p a ra tio n s , on ly  m ild  yellow ish- 
b ro w n  d isco loura tion  o f  th e  su b cu tan eo u s co nnec tive  an d  m uscle tissue of th e  
th ig h  was observed . A t th e  sam e tim e , all reg iona l an d  v isce ra l ly m p h  nodes 
w ere  consisten tly  yellow ish -b row n  an d  s lig h tly  sw ollen. T h e  above changes 
w ere absen t in  b o th  u n tre a te d  co n tro l p ig le ts  a n d  th o se  t r e a te d  w ith  ferrous 
o x a la te .
The histological and  histochemical exam ina tion  o f  th e  5 a n d  21 days old 
p ig le ts  tre a te d  w ith  C hinofer rev ea led  th e  presence  o f la rg e  q u a n titie s  of T u rn - 
b u ll-  and  P A S -p o sitiv e  g ra n u la r  an d  c loddish  m a te r ia l a ro u n d  th e  in jec tion  
s ite , p rim arily  e x tra c e llu la r ly  in  th e  conn ec tiv e  tissu e  b e tw een  m uscle fib res
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F ig . 1. D e ta il o f th e  th ig h  m uscle from  a p ig le t t re a te d  w ith  Chinofer 75 in  a  dose of 100 m g 
iro n /k g  b o d y  w eigh t. M uscle fib res show  Z en k e r’s necrosis, serous and  cellu la r in f il tra tio n  by  
in f la m m a to ry  cells, an d  appearan ce  o f f ib ro b la s ts . H aem alaun-eosin  s ta in , X 400
F ig . 2. D e ta il o f sub iliacal ly m p h  node  fro m  a p ig le t tre a te d  w ith  C hinofer 75 in  a  dose of 
100 m g iro n /k g  b o d y  w eight. T he m arg in a l sinus con ta ins large  am o u n ts  o f iro n -d ex tran .
PA S re a c tio n , X 240
an d  b u n d le s  an d , in  p h ag o cy to sed  fo rm , in  th e  cy to p lasm  o f h is tio cy tes  
(m acrophages). O ccasionally  m uscle f ib re s  show ed Z enker’s necrosis, serous 
a n d  m ix ed -ty p e  cellu lar in f iltra tio n  w ith  d iffe ren t in f la m m a to ry  cells (n e u tro ­
ph il g ran u lo cy tes , ly m p h o cy tes , h is tio cy te s  an d  p lasm a cells), to g e th e r  w ith  
in c ip ie n t p ro life ra tio n  of f ib ro b la s ts  (F ig . 1). T he m a jo r ly m p h a tic  vessels 
an d  th e  sinus system  of th e  reg ional ly m p h  nodes w ere filled  w ith  iro n -d e x tra n . 
I ro n -d e x tra n  was p resen t in  th e  cy to p la sm  of th e  sw ollen en d o th e lia l and  
re ticu lu m  cells (m acrophages), b u t  m o st o f  i t  w as seen ex tra c e llu la rly  (F ig . 2).
In  ly m p h  nodes s itu a te d  fa r  from  th e  in jec tion  site  (m esen teric  a n d  ce rv i­
cal ly m p h  nodes), iro n -d ex tran  w as d e m o n s tra te d  on ly  in  sm all am o u n ts
Acta Veter inaria Hungarica 31,1983
1 0 6 G LÁ V IT S a n d  JU H A S Z -B U C S E K
a n d  in trace llu la rly  in  th e  en d o th e lia l cells o f sinuses a n d  in  th e  re ticu lu m  cells 
(m acrophages). I ro n -d e x tra n  w as p re se n t also in  re tic u lu m  cells o f th e  red  
p u lp  o f th e  spleen a n d  in  K upffe r cells o f th e  liv e r. L iv er cells o f th e  5 day s 
old p ig lets co n ta in ed  la rg e , while th o se  o f  th e  21 d ays o ld  ones sm aller am o u n ts  
o f glycogen. L ip ids w ere  n o t d em o n strab le  in  h e p a tic  cells. T he re tic u la r  n e t ­
w ork  w as u n ch an g ed  in  b o th  5 an d  21 days old an im als.
O nly  sm all q u a n ti t ie s  of M aster-m ix  an d  L eodex  w ere p resen t in  th e  
th ig h  m uscle of th e  5 a n d  21 days old an im als in  th e  co n n ec tiv e  tissue  be tw een  
m uscle bundles a n d  f ib re s , d ispersed  or in  th e  fo rm  o f single clods or g roups 
o f g ranu les e x tra c e llu la r ly  and  in  p h ag o cy to sed  fo rm  in  th e  cy top lasm  o f 
m acrophages (Fig. 3). T he m uscle fib res  w ere in ta c t .  A pronounced  iron-
Fig. 3. D etail of th e  th ig h  m uscle from  a  5-day-o ld  p ig le t t r e a te d  w ith  Leodex in  a dose of 
100 m g iron/kg bod y  w e ig h t an d  killed b y  b leeding 48 h  th e re a f te r . Sm all a m o u n t of g ra n u la r  
iro n -d ex tran  is p re se n t in  th e  connective  tissue . T h e  m uscle  fib res  a re  in ta c t.  H aem a lau n -
eosin, X 400
F ig. 4. D etail of sp leen  fro m  a  5-day old p ig le t tr e a te d  w ith  L eodex  in  a dose of 100 m g iro n /k g  
b o d y  w eight and  k illed  b y  bleeding 48 h  th e re a fte r . I ro n -d e x tra n  is p re sen t in re ticu lu m  cells 
of th e  red  p u lp , a ro u n d  th e  M alpighian  bodies. T u rn b u ll’s reac tio n , x 4 0 0
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F ig . 5. D etail o f  liv e r from  a 5-day-old p ig le t t re a te d  w ith  M aster-m ix  in  a dose o f 100 m g 
iro n /k g  b o d y  w e ig h t an d  killed b y  bleeding 48 h  th e rea fte r . K u p ffe r  cells o f th e  sinuso ids 
c o n ta in  iro n -d ex tran . T u rn b u ll’s reac tio n , X 400
d e x tra n  d ep osition  w as observed  p rim a rily  in  re ticu lu m  cells an d  en d o th e lia l 
cells o f sinuses in  th e  sub iliacal, m esen teric  an d  cerv ical ly m p h  nodes. I n  th e  
sub iliaca l ly m p h  no d e , iro n -d e x tra n  w as deposited  also e x tra  cell u la rly . R e tic ­
u lu m  cells o f th e  re d  p u lp  o f th e  spleen (F ig . 4) an d  K u p ffe r cells o f  th e  liv e r  
(F ig . 5) also co n ta in ed  iro n -d ex tran .
Fig. 6. K upffer cell filled  w ith  phagocytosed  iro n , in  th e  liver from  a 5-day-old  p ig le t t r e a te d  
w ith  Chinofer. E lec tro n  m ic ro g rap h  (EM ), X 6500
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F ig . 7. K u pffer cell co n ta in in g  v a s t  a m o u n t o f p h ag o cy to sed  iron , in  th e  liv e r from  a 5-day-old  
p ig le t t re a te d  w ith  L eodex . EM  X 22,000
F ig . 8. Siderosom es in  liv e r  p a ren ch y m al cells fro m  a 5-day-old  p ig le t t re a te d  w ith  Leodex.
EM  X 22,000
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L iv er cells o f th e  5 days old p ig le ts  co n ta in ed  m ore glycogen th a n  
th o se  o f th e  21 day s old ones also in  th is  case, b u t  lip ids w ere ab sen t in  th e m . 
T he re tic u la r  f ib re  n e tw o rk  of th e  liv e r d id  n o t show p a tho log ica l changes.
In  th e  ex am in ed  organs o f u n tre a te d  con tro l p ig lets an d  o f th o se  tr e a te d  
w ith  fe rro u s o x a la te , iron  was n o t d em o n strab le  b y  th e  h istochem ical re a c tio n s  
n e ith e r  in  5 n o r in  21 days old an im als.
Electron m icroscopically , th e  ab so rp tio n  o f iron  an d  its  d is tr ib u tio n  in  
th e  ex am in ed  o rgans o f pigs w ere fo u n d  to  be o f sim ilar c h a ra c te r  a f te r  M aster- 
m ix  an d  L eodex  t r e a tm e n t. H ow ever, a f te r  C hinofer tre a tm e n t b o th  th e  a b so rp ­
tio n  a n d  th e  d is tr ib u tio n  of iron  w ere d iffe ren t; iro n  show ed u n ev en  d is tr ib u ­
tio n  in  th e  liv e r o f b o th  5 an d  21 day s old p ig le ts . T he en d o th e lia l an d  K u p ffe r  
cells co n ta in ed  v a s t  am o u n ts  o f p h ag o cy to sed  iron , w hile considerab ly  sm alle r 
a m o u n ts  of iro n  w ere p re sen t in  h e p a to c y te s  (F ig . 6).
A fte r  M aste r-m ix  an d  L eodex  t r e a tm e n t, liv e r cells, en d o th e lia l a n d  
K u p ffe r cells c o n ta in e d  num ero u s an d  la rg e , e lec tron  dense vacuoles (iron- 
c o n ta in in g  siderosom es) in  b o th  age g roups (F igs 7 an d  8).
A  com m on ch a ra c te ris tic  o f th e  th re e  p a re n te ra l p re p a ra tio n s  w as t h a t  
a f te r  t r e a tm e n t  iro n  w as p resen t in  la rg e  vacuoles su rro u n d ed  b y  a m em b ran e  
in  en d o th e lia l a n d  K u p ffe r cells, as a f in e ly  g ra n u la r  dense su b stan ce . P a re n ­
ch y m a cells also co n ta in ed  such vacu o les , b u t  a p a r t  from  th ese , th e  ab so rb ed  
iro n  w as p r im a rily  lo ca ted  in  seco n d ary  lysosom es, som etim es to g e th e r  w ith
F ig . 9, Secondary  lysosom e co n ta in ing  iro n  in  th e  liver p a ren ch y m a  of a 5 -day-old  p ig le t 
follow ing C hinofer t re a tm e n t. EM  X 65,000
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F ig . 10. I ro n -co n ta in in g  seco n d ary  lysosom e o ccasionally  occurring  in  th e  liver p a ren ch y m a  
of a 5 -d ay -o ld  p ig le t trea te d  w ith  fe rro u s ox a la te . EM  X 22,000
T ab le  I
Iro n  co ncen tra tion  a n d  to ta l iron-binding c ap a c ity  o f th e  blood p lasm a in  suckling 
pigs before iro n  trea tm e n t a t  3 o r 19 days of age and  48 h  th e rea fte r 
(in  mmol/1)
Age
3 d ay s 5 d ay s
I ro n  T o ta l iron - I ro n  T o ta l iro n -
c o n cen tra -  b ind ing  co n cen tra- b in d in g
tio n  c a p ac ity  tio n  ca p ac ity
C ontro l 19.74 65.99 7.33 108.30
F e rro u s  oxala te  th ro u g h  a stom ach  tube 12.22 76.15 13.16 83.48
C hinofer in j. ad us. v e t.  im . 14.29 56.97 42.30 99.83
L eo d ex  in j. ad us. v e t. im . 15.42 95.89 171.09 597.88
M aster-m ix  in j. ad us. v e t.  im . 17.79 102.66 181.06 439.39
19 days 21 days
C ontro l 7.62 144.39 3.57 154.35
F e rro u s  oxala te  th ro u g h  a  stom ach  tube 8.56 132.27 19.74 139.32
C hinofer in j. ad us. v e t. im . 9.87 123.24 73.33 156.24
L eo d ex  in j. ad us. v e t. im . 8.27 142.70 183.13 597.88
M aster-m ix  inj. ad us. v e t.  im . 7.71 144.11 189.80 597.88
D ose: 100 mg Fe/kg b o d y  w eight
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o th e r  d igested  m a te ria l, a n d  occasionally  in vacuoles c o n ta in in g  dense m a te ria l 
an d  differing in  s tru c tu re  from  th e  fo rm er ty p e  (F ig . 9).
A fter tre a tm e n t w ith  ferrous o x a la te , iro n  w as d em o n stra ted  in  th e  
liv e r cells only  occasionally  an d  in  negligible q u a n titie s . T he endo thelia l an d  
K u p ffe r cells o f th ese  an im als  d id  n o t differ from  th o se  o f  th e  u n tre a te d  con­
tro ls . D ense vacuoles co n ta in in g  iron  were observed  in  som e places in  th e  
p a ren ch y m a (Fig. 10).
In  ad d itio n  to  m orpho log ica l s tud ies on th e  a b so rp tio n  an d  tissue d is tr i­
b u tio n  o f iron , th e  iron  co n cen tra tio n  and  to ta l iro n -b in d in g  cap ac ity  o f th e  
b lood  p lasm a w ere also de te rm in ed , using  p a ired  b lo o d  sam ples w ith d raw n  
p rio r to  iron  tre a tm e n t a n d  p rio r to  s laugh te r. In d iv id u a l va lues o b ta in ed  fo r 
th e  10 anim als a t  d iffe ren t b lood  sam pling  tim es a re  show n in T able I.
D iscussion
T he p resen t s tu d ie s  h av e  show n differences b e tw een  th e  ab so rp tio n  o f 
th e  exam ined  p re p a ra tio n s  an d  th e ir  d is trib u tio n  in  th e  o rgan ism . Some p re p a ­
ra tio n s  (Leodex a n d  M aste r-m ix  in j.) were ab so rb ed  ra p id ly  and  effic ien tly  
from  th e  in jec tion  s ite  a n d  d is tr ib u te d  u n ifo rm ly  in  th e  organism  w ith in  a 
sh o rt tim e , th u s  re n d e rin g  possible th e  filling-up o f physio log ica l iron  sto res. 
T he ad m in is tra tio n  o f th e se  p rep a ra tio n s  was acco m p an ied  by  an  ap p earan ce  
o f h igh  iron  co n cen tra tio n s  in th e  blood p lasm a a n d  a  sim u ltan eo u s increase 
o f th e  to ta l  iro n -b in d in g  c ap ac ity . In  th is  case th e  iro n -b in d in g  p ro te in s  m ay  
becom e s a tu ra te d  or even  o v e r-sa tu ra ted . The h e a lth  h az a rd s  o f o v e r-sa tu ra ­
tio n  (iron  toxicosis, te m p o ra ry  in h ib itio n  of th e  m acro p h ag e  system  o f th e  
o rgan ism , etc.) a re  w ell-know n (Süveges and  G láv its , 1976; G láv its a n d  
Süveges, 1977).
Chinofer was a b so rb ed  slow ly an d  persisted  a t  th e  in jec tio n  site  fo r a 
longer tim e, th u s  fo rm ing  a “ local iron  s to re”  from  w hich  iro n  was tra n sp o r te d  
to  th e  sites of use d u rin g  a p ro longed  tim e  b u t in  su ffic ien t q u an titie s . In  th is  
case th e  ab ove-m en tioned  side effects are less p ro b ab le  to  occur. H ow ever, 
a ro u n d  th e  in jec tio n  s ite  th e  d isco loura tion  of tissues in  sm alle r or la rger a reas  
an d  th e  deve lopm en t o f  o th e r  local reac tions (d eg en era tio n  o f m uscle fib res , 
in flam m atio n , abscess fo rm atio n ) m ust be also reck o n ed  w ith .
A fte r a d m in is tra tio n  o f  H em ogeri th ro u g h  a s to m a c h  tu b e , iron  co n cen ­
tr a t io n  o f th e  b lood  w as sa tis fac to ry . The sam e conclusion  w as d raw n  b y  
M isley e t al. (1978) an d  M isley an d  Sárközy  (1980). I ro n  an d  d e x tra n  w ere 
observed  to g e th e r in d iffe ren t o rgans an d  cells fo llow ing  th e  a d m in is tra tio n  
o f a n y  o f th e  th ree  in je c tio n  p rep ara tio n s .
T he p resen t f in d in g s h av e  led us to  th e  conclusion  th a t  th e  effects an d  
o th e r afore-m entioned  c h a rac te ris tic s  o f th e  four iro n  p re p a ra tio n s  w ere n o t
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in flu e n c e d  appreciab ly  b y  th e  age o f th e  tre a te d  an im als. T he effects o f these 
p re p a ra tio n s  on th e  o rg an ism  b ea r a re la tio n  to  th e  m ode o f th e ir  a d m in is tra ­
t io n  a n d  th e ir  q u a lita tiv e  p ro p e rtie s  n o t exam ined  b y  us.
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PELVIMETRIC DIFFERENCES BETWEEN TWO 
GENERATIONS OF A BEEF CROSSING
A PRELIMINARY STUDY
L. Bartosiewicz an d  T. Gere
A rchaeological In s t i tu te  of th e  H u n g a rian  A cadem y of Sciences, 1250 B u d ap es t, 
Ú ri u . 49; an d  R esearch  In s t i tu te  o f  A n im al B reed ing  a n d  N u tr itio n ,
2100 G ödöllő, H u n g ary
(R eceived  D ecem b er 7, 1982)
A  com parison be tw een  59 F j an d  8 R j fem ales from  th e  crossing  be tw een  th e  beefs 
p u rp o se  L im ousine c a ttle  a n d  th e  local H u n g a rian  F leckvieh  ty p e , d u a l-p u rp o se  c a ttle  rev ea led  
s ig n ifican t differences on ly  be tw een  th e  v a rian ces o f in te rn a l pelv ic m easu rem en ts . I n  sp ite  
o f th e  expected  genetical regression  follow ing p ro b ab le  heterosis in  th e  F , gen era tio n , such  
a n  e ffec t could no t be  d e te c te d . S tu d e n t’s t te s t  d id  n o t p e rm it th e  re je c tio n  of th e  nu ll h y p o ­
th es is  in  te rm s of m ean  values. V ariances, on  th e  o th e r  h a n d , seem ed to  be s ign ifican tly  g rea te r 
in  th e  R I generation , ex cep t for th e  m ed ian  d iam e te r o f th e  pelvis. T h is show s th e  ex p ec ted  
g re a te r  hom ogeneity  o f th e  F , g en era tion .
Keywords. B eef crossing, g en era tio n s, pe lv im etric  d ifferences, pelv ic  
m easu rem en ts , s ta tis tic a l analysis.
R ep ro d u c tio n  is a fu n d a m e n ta l a sp ec t of an im al h u sb a n d ry . This holds 
p a r tic u la r ly  tru e  w hen  th e  o ffspring  rep re sen ts  th e  m ain  o u tp u t . C alving diffi- 
crd ties are  th u s  d irec tly  re la te d  to  th e  effic iency  of b eef fa rm in g . T he a n a to m y  
o f th e  b ir th  can a l in  cows is one o f th e  leas t fav o u rab le  am ong  dom estic  
m am m als  because o f th e  n arro w , c ra n ia lly  bulging shape a n d  th e  h igh la te ra l  
edges o f th e  ischiadic bone (K ovács, 1958). C erta in  crossing p rog ram m es in c lu d ­
in g  b reed s of v a rious sizes an d  g ro w th  in ten s itie s  m ay  need  su rg ical assistance  
a t  ca lv ing , w hich decreases p ro f ita b ili ty  even if  th e  in te rv e n tio n  is successful 
(M enissier, 1974).
V arious g en era tions of th e  crossings betw een  H u n g a ria n  F leckv ieh  an d  
L im ousine  c a ttle  h av e  been  su b jec ted  to  in ten siv e  s tu d y  re c e n tly  as th e  p ro ­
p o rtio n  o f these  an im als increased  in  th e  specialized b ee f p ro d u c tio n  of H u n ­
g a ry  (Csomós, 1981).
In  sp ite  of fav o u rab le  calv ing  p ro p e rtie s , p e lv im etric  in v es tig a tio n s  w ere 
c a rr ie d  o u t in th e  f irs t  tw o  g en era tio n s o f th e  crossings. T he e v a lu a tio n  o f th e  
d a ta  m a y  help a b e tte r  u n d e rs ta n d in g  o f th e  b ir th  canal in  re la tio n  to  genetic  
changes.
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Materials and methods
T h e follow ing in te rn a l  pelvic m easu rem en ts  w ere ta k e n  in  vivo on 59 
a n d  8 R x (75%  L im ousine) fem ales a t  th e  N agykörös S ta te  F a rm :
1. M edian diam eter — co n ju g a ta  v e ra : m easured  b e tw een  th e  p ro m o n ­
to ry  o f  th e  sacral b one  a n d  th e  c ran ia l p o in t o f th e  sym physis.
2. Interpsoadic distance  — d iam e te r  tra n sv e rsa  a p e r tu ra e  pelvis in te r ­
m ed iae : m easured b e tw een  th e  psoadic tu b erc les .
3. Intertuberous distance — d iam e te r  tra n sv e rsa  a p e r tu ra e  pelvis caudalis: 
m easu red  betw een  th e  isch iad ic  tu b e rs .
In  ad d itio n  to  th e se  s ta n d a rd  m easu rem en ts  (K ovács, 1967; F ehér, 1980) 
a tw o-d im ensional, sy n th e tic  v a lue  w as ca lcu la ted  (H olló e t al., 1976):
4. A rea  o f  the ellipse  defined  b y  th e  m ed ian  d ia m e te r  an d  th e  in te r ­
p soad ic  d istance.
T h is la t te r  v a r ia b le  was in tro d u c e d  to  e s tim a te  th e  degree of spacious­
ness inside  th e  b ir th  c a n a l a t  a c ritica l segm ent.
D ue to  tech n ica l d ifficu lties, in te rn a l pelvic m easu rem en ts  are d ifficu lt 
to  g a th e r  from  fem ale calves or even y o u n g  heifers. F o r th is  reason , ind iv iduals 
w ere s tu d ie d  on ly  a ro u n d  th e  tim e  o f f ir s t  a rtif ic ia l in sem in a tio n . A lthough  
th e  a im  of th is  p a p e r  is a com parison  b e tw een  L im ousine crosses from  th is  
re la tiv e ly  young age g ro u p , i t  m ay  be o f in te re s t here  th a t  th e  incidence of 
co m p lica ted  calv ings (m easu red  b y  th e  p ercen tage  o f C aesarean  sections an d  
m a jo r com plications) show s a rap id  decline w ith  age as o bserved  in  th e  Charo- 
lais b reed  (M enissier, 1974): as th e  a rea  o f th e  pelv ic a p e r tu re  increases from  
a ro u n d  190 —300 cm 2 in  tw o years  old heifers up  to  385 —425 cm 2 in  cows 
b ey o n d  th e  fo u rth  y e a r , calv ing  d ifficu lties decrease from  1 5 —30 to  0 —5 % .
T he above-listed  an a to m ica l ch a rac te ris tic s  p ro v id ed  th e  in p u t d a ta  for 
th e  s ta tis t ic a l  analysis  w hich  was used  to  te s t  th e  follow ing hypo theses:
H 0: On th e  basis  o f th is  sam ple, no d ifference can  be observed  in  th e  
m ean  v a lu es  an d  s ta n d a rd  dev ia tio n s b e tw een  th e  F L an d  R x 
genera tions.
H r: T here is a s ig n ifican t d ifference, a t  le a s t in  th e  case o f ce rta in  
m easu rem en ts , a t  th e  P  <Ç 0.05 level, an d  th is  p rov ides a basis fo r 
an  a t  le a s t 6 0 %  correc t q u a n ti ta t iv e  classifica tion .
T his p a ir  o f h y p o th ese s  was te s te d  b o th  in  te rm s  o f  m ean  values an d  
v a rian ces . S tu d e n t’s t te s t  an d  a d isc rim in an t analysis (using  F  te s ts  o f v a r i­
ance  in  a stepw ise m an n e r) w ere ca rried  o u t to  s tu d y  th e  p rob lem .
Results
U n iv a ria te  s ta tis t ic s  on th e  tw o g roups of o ffsp ring  an d  th e  resu lts  of 
th e  t te s t  are  su m m arized  in  T able I.
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D ue to  th e  la ck  o f sig n ifican t differences b e tw e e n  th e  m ean v a lu es , 
a n o th e r  ap p ro ach  w as necessary  for d e tec tin g  possib le  d ifferences. The d a ta  
w ere su b jec ted  to  a stepw ise d isc rim in an t ana ly sis , w h ich  selected in te r-  
tu b e ro u s  d istance  as th e  v a riab le  o f m ost d is tin c tiv e  v a lu e  on th e  basis o f 
varian ces . R esu lts  o f  th is  p rocedure  are  p resen ted  in  T ab le  I I .
D iscussion
T he reco g n itio n  o f in te r tu b e ro u s  d is tan ce  as th e  d im ension  w ith  m ost 
d iscrim in a tin g  v a lu e  betw een  th e  tw o groups o f o ffsp ring  is th e  firs t in te re s t­
ing  phenom enon . R u m p  w id th  m easu red  betw een  th e  p in  bones is th e  e x te rn a l 
m easu rem en t an a logous to  th is  pelv ic d im ension. I t  seem s to  be d iagnostic  
o f  th e  d ev e lo p m en ta l stages o f  th e  sk e le ta l sy stem  d u rin g  c a ttle  on to g en y  
(B artosiew icz a n d  G ere, 1981). T he connection  be tw een  th e  caudal reg ion  o f  
th e  pelv is and  th e  o vera ll bone s tru c tu re  requ ires fu r th e r  investiga tions.
Table I
U nivaria te  te s ts  o f  differences betw een th e  m ean values (t te s t)  a n d  variances 
(squared  s ta n d a rd  dev ia tions; F  te s t)  o f th e  two g enera tions o f R ed  and W hite 
H un g arian  and  Lim ousine crosses
G rouping  v a riab le s
G enerations Differences
F 1 R . B o th  g ro u p s Values
t
P  level 
(LT)n u m b er  o f  cases 59 8 67
M ean values (cm)
M edian d iam eter 17.338 18.062 17.425 0.025 —
In terpsoad ic  d istan ce 13.217 13.937 13.302 0.025 —
In te rtu b ero u s  d is tan ce 13.338 14.375 13.506 0.029 —
Ellipse (cm2) 180.776 198.625 182.907 0.029 -
S ta n d a rd  deviations (cm ) F
M edian d iam eter 0.993 0.623 0.960 3.999 0.05
In terpsoad ic  d istan ce 0.787 0.863 0.796 5.773 0.01
In te rtu b ero u s  d istan ce 0.792 1.157 0.839 9.746 0.001
E llipse (cm2) 15.749 19.023 16.133 8.622 0.001
C oefficients of v a ria tio n  (% )
M edian d iam eter 5.728 3.450 5.511
In terpsoad ic  d istan ce 5.958 6.195 5.983
In te rtu b ero u s  d istan ce 5.916 8.051 6.212
E llipse 8.712 9.577 8.821
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Table II
R esu lts of th e  d isc rim in an t analysis
S u m m a ry  o f  d isc rim ination  p a ra m e te rs
V ariab le  e n te re d : .
F  v a lu e  to  
e n te r : U  sta tis tic :
D egrees o f  
fre e d o m :
In te rtu b ero u s  d istance 9.7463 0.8696 1 65
C lassification m atr ix
G en era tio n s G en era tio n s T o ta l P e rc e n ta g e
F, Ri
expected c o rre c t
Fi 40 19 59 67.8
f 2 3 5 8 62.5
Total ob ta in ed 43 24 67 67.2
T he in sig n ifican t d ifferences b e tw een  m ean  values o f  p e lv ic  m easu re­
m e n ts  in  th e  tw o g en e ra tio n s  u n d e r d iscussion  do n o t even  fa ll in  line w ith  
th e  ten d en cy  of g en e tic  reg ression , t h a t  is, th e  expected  s lig h t decrease of 
d im ensions re la tiv e  to  th e  F : g en e ra tio n . T he v ir tu a lly  g re a te r  averages ob­
ta in e d  fo r th e  second g en e ra tio n  of th e  crossing  even suggest som e im p ro v em en t 
b ro u g h t ab o u t b y  th e  L im ousine b reed  in  th is  respect.
D ue to  s ig n ifican t d ifferences b e tw een  th e  v ariances o f th e  tw o groups 
(T ab le  I) , th e  p e rcen tag e  o f co rrec t c lassifica tions exceeded  6 0 %  (Table I I ) . 
In  a d d itio n  to  th e  in te r tu b e ro u s  d is ta n c e , th e  high F  v a lu e  o f  th e  sy n th e tic  
v a r ia b le  m eans th a t  v a rian ces  of all th re e  pelvic d im ensions a re  d ifferen t b e ­
tw e e n  th e  tw o groups. E x c e p t fo r th e  m ed ian  d iam eter, h o m o g en e ity  decreased.
T he re la tio n sh ip s  b e tw een  th e  p e lv ic  m easu rem en ts, g ro u p in g  variab les 
(co d ed  versions o f th e  concep ts o f th e  F x an d  R x groups) a n d  sam ple  size are 
i l lu s tra te d  by  th e  h is to g ram  of th e  can o n ica l v ariab le  in  F ig . 1. T he d is tr ib u ­
tio n  o f  cases is th e  g rap h ic  re p re se n ta tio n  o f th e  c la ssifica tion  m a tr ix  show n 
in T a b le  I I .
R, F,
F ig . 1. D istrib u tio n  of in d iv id u a ls  along th e  can o n ica l variab le  sym boliz ing  th e  tw o grouping  
v a r ia b le s  (generations). L e tte rs  in  th e  h is to g ram  s ta n d  for group averages. B lack  u n its  rep resen t
R , (75%  L im ousine) ind iv iduals
A c t a  V e te r in a r ia  H u n g a r ic a  3 1 , 1 9 8 3
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BOOK REVIEWS
K a s s a i ,  T ibor: H an d b o o k  of N ipposlrongylus brasiliensis (N em ato d e). C om m onw ealth  A gri­
cu ltu ra l B u reau x , F a rn h a m  R oyal, Slough, U .K . a n d  A kadém iai K iad ó , B u d ap est, H u n g a ry , 
1982. 257 pages, 51 fig u res (p a rtly  colour), 12 tab les .
N ippostrongylus brasiliensis, a sm all n em a to d e  p a ras ite  w hich  in h ab its  th e  in te s tin e  
of th e  r a t  and  m ouse, has been  w idely recognized as an  a lm o st u n iq u e ly  usefu l m odel fo r s tu d ies  
in  general pa rasito lo g y , im m uno logy , allergology, e x p erim en ta l c h em o th e ra p y  and  m an y  o th e r  
fields of b iom edical sciences. T he resu ltin g  l i te ra tu re  n u m b ers  m ore th a n  700 scientific  p u b li­
catio n s ren d erin g  ex trem e ly  d ifficu lt in  search ing  th e  vo lum inous a n d  sc a tte re d  in fo rm a tio n  
on th is  p a rasite . H a v in g  been w orking w ith  th is  m odel for 15 y ears , th e  a u th o r  a tte m p ts  in  
th is  volum e to  su m m arize  th e  fu n d am en ta l c h a rac te ris tic s  o f th e  m odel and  to  gu ide th e  
R e ad e r th ro u g h  th e  a b u n d a n t  d a ta  p u b lished  on  it.
T he novel la y o u t o f th e  book has been dev ised  to  p ro v ide  m ax im u m  in fo rm atio n  an d  
flex ib ility  w ith in  a m in im um  space.
T he book is d iv id ed  in to  th ree  m ain  p a r ts . T he f ir s t  section  is an  illu s tra te d  acco u n t o f 
th e  basic c h arac te ris tics  o f  th e  m odel, w hich includes th e  tax o n o m y , m orphology , life-cycle, 
physio logy, m eth o d s of cu ltu re  an d  han d lin g  o f th e  p a ra s ite , th e  im m uno log ica l phen o m en a  
an d  patho log ica l processes in d u ced  b y  th is  n em a to d e  in  th e  h o st, a n d  th e  ap p lication  o f th e  
m odel fo r screening d rugs fo r an th e lm in tic  a c tiv ity . T h e  c h ap te r  dealing  w ith  th e  im m unolog ical 
consequences of in fec tio n  is o f  special significance because  th e  m odel h a d  p rov ided  th e  ex p eri­
m en ta l base  fo r m u ch  o f ou r u n d e rs tan d in g  o f th e  im m u n o p a th o lo g y  o f nem ato d e  in fections. 
K eyw ords in  th e  m arg in  fac ilita te  o rien ta tio n .
T he second p a r t  consists o f an  u p -to -d a te  l is t  o f references (737 en tries), each  being  
follow ed b y  a  d igest o f th e  in fo rm atio n  co n ta in ed  in  th e  reference, inc lu d in g  th e  p u rp o se  of 
s tu d y , m eth o d s u sed , a n d  resu lts  o b ta ined . D igests do n o t conform  to  th e  trad itio n a l p a t te rn  
o f a b s trac tin g  jo u rn a ls  a n d  a n n o ta te d  b ib liographies. B y  ap p ly in g  a  novel fo rm a t in  th is  
sec tion , th e  selection  o f m eaningfu l references acco rd ing  to  th e  u se r’s needs will be  g re a tly  
fac ilita ted .
T he th ird  section  is m ade  u p  of an  a u th o r  in d ex  and  a p a r tic u la r ly  deta iled  su b jec t 
in d ex  (pp . 44). T he a im  has been  to  select an d  a rran g e  en tries in  a w ay  th a t  m akes th is  sec tion  
b o th  s tim u la tin g  a n d  in fo rm ativ e .
F ina lly , a lis t o f in s titu tio n s  w here N . brasiliensis  is m a in ta in ed  is included.
T he h an d b o o k  prov ides a com prehensive  in tro d u c tio n  to  th e  p a ra s ite , an d  a gu idance  
to  th e  re la te d  l ite ra tu re . B o th  research  s tu d e n ts  en te rin g  th e  fie ld , a n d  m ore experienced  
resea rch  w orkers will f in d  th is  book  as an  in v a lu ab le  aid  in  exp lo iting  th e  p o ten tia l usefulness 
o f th is  m odel of b iom edical research.
F . H o l l ó
H ygien ic  P rob lem s of A nim al M anures. P roceed ings o f a jo in t w orkshop  of e x p ert g roups of 
th e  Com m ission o f th e  E u ro p ean  C om m unities, G erm an  V e te rin a ry  Society  (DVG) an d  Food  
an d  A g ricu ltu ra l O rgan iza tion , E d . b y  D. S tra u ch , U n iv ersity  o f H o henheim , S tu t tg a r t ,  
F ed era l R epublic  o f G erm any, 1983. pp. 314.
T he Proceed ings o f a jo in t  w orkshop of e x p e r t  groups of th e  C om m ission of th e  E u ro p ea n  
C om m unities, th e  F A O -E u ro p ean  N etw ork  on A nim al W aste  U tiliz a tio n  — S u b netw ork  1
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a n d  th e  W orkshop of A n im al H ygiene o f th e  G erm an V eterin ary  Society  (DVG) c o n ta in  
p a p e rs  re a d  and  p roposals o ffered  a t  th e  jo in t  m eeting  held  a t  H o h e n h e im -S tu ttg a r t, F ed eral 
R ep u b lic  o f G erm any b e tw een  O ctober 11 an d  13, 1982, w ith  52 p a r tic ip a n ts .
T he Proceedings in clu d e  pap ers  belong ing  to  5 them es, to g e th e r  w ith  conclusions an d  
th e  m in u te s  o f th e  jo in t  m ee tin g  of th e  th re e  e x p e rt  groups.
P ap ers o f Theme 1 d eal w ith  hygien ic  aspects o f  sto rage, h a n d lin g  and  com posting  of 
m a n u re s , and  th e  su rv iv a l tim es of m an u re -b o rn e  pa thogen ic  m icroorgan ism s are rep o rted . 
T h e  in tro d u c to ry  p ap er o u tlin e s liq u id  m an u re  d isin fection  m eth o d s, k n o w n  su rv iva l tim es of 
m icroorgan ism s in  th e  e n v iro n m en t and  in  liq u id  m an u re , and  proposes a  liqu id  m an u re  u t i l i ­
z a tio n  system  su itab le  fo r red u cin g  p o te n tia l  h a za rd s  co n stitu ted  b y  liq u id  m anure  disposal 
to  th e  m in im um . T he rem a in in g  p ap ers  d eal w ith  th e  ev a lu a tio n  o f in d ic a to r  b ac teria l co u n ts , 
su rv iv a l o f salm onellae d u rin g  com posting  solid an im al m an u re , an d  hygienic consequences 
o f m a n u re  hand ling  inside  th e  stab le . Several p ra c tic a lly  app licab le  suggestions and  conclusions 
a re  also p resen ted , am ong  o th e rs  a b o u t th e  p ra c tic a l ap p lica tio n  of know ledge of th e  e x p e c t­
ab le  su rv iv a l tim e of sa lm onellae  in  liqu id  m an u res s to red  u n d e r d iffe ren t conditions.
P ap ers of Theme 2 discuss hyg ien ic  aspects o f chem ical d isin fec tion  o f m an u res. F o r 
th e  in a c tiv a tio n  of v iruses, lim e has p ro v ed  to  be th e  ag en t o f choice u n d e r field conditions. 
C ond itions un d er w hich sa lm onellae  or A u jeszk y ’s disease v irus can  be in a c tiv a te d  w ith  lim e, 
a n d  salm onellae  w ith  p e race tic  acid, are also described .
To p rev en t e n v iro n m en ta l co n ta m in a tio n  b ro u g h t ab o u t by  chem ical d is in fec tan ts , 
liq u id  m an u res m u st be p rocessed  in a  w ay  fa c ilita tin g  effic ien t d isin fec tio n  w ith  lower doses 
o f d is in fec tan ts , as it is e stab lish ed  in  th e  com prehensive  p ap er o f T hem e 2.
Theme 3 includes p ap ers  ex am in ing  th e  econom ic an d  hygien ic  aspects o f anaerob ic  
o r aerob ic , m esophilic o r th erm o p h ilic  t r e a tm e n t  o f m anures. A co m p a ra tiv e  ev a lu a tio n  has 
sh o w n  th a t  of th e  w ays of u sing  liqu id  m an u re  as an  energy  source, low est energy costs can  
be ach ieved  in th e  case o f a e ra tio n  w ith  d irec t h e a t recovery . F o r th e  tim e  being, biogas p ro d u c ­
tio n  in  th e  system s lis ted  is uneconom ical. H ow ever, m ore econom ical u tiliza tio n  of h ea tin g  
p u m p s  can  be ex pected  in  th e  fu tu re .
Several papers o f T hem e 3 deal w ith  th e  effect of aero b ic-therm oph ilic  tre a tm e n t of 
liq u id  m an u re  on v iruses. I t  has been  fo u n d  th a t  fo o t-an d -m o u th  disease  v irus, A u jeszky’s 
d isease  v irus and  SVD v iru s are in ac tiv a te d  w ith in  25 to 45, 30 to  48 an d  28 to 45 h ours, 
re sp ec tiv e ly . A fter m esophilic  t re a tm e n t, th e  su rv iv a l tim e of T a lfan  v iru s and  Coxsackie 
v iru s  is 2 to  7 weeks. D u rin g  biogas p ro d u c tio n , staphy lococci and  salm onellae  are killed w ith in  
2 w eeks. A t th e  te m p e ra tu re  of th erm o p h ilic  b iogas p ro d u c tio n  (55 °C), b o th  sa lm onellae  
a n d  A scaris  eggs are in a c tiv a te d  w ith in  24 h ours. Several a u th o rs  re p o rt  the  effect o f feed  
ad d itiv e s , an tib io tics an d  d is in fec tan ts  on  b iogas p roduction .
Theme 4 includes p a p ers  on legal a n d  p ra c tic a l approaches for m an ag em en t an d  d is in ­
fec tio n  of in fec ted  m an u res in  som e coun tries , w ith  p a rticu la r  reference to  Ire lan d , th e  N e th e r­
lan d s  an d  th e  Federal R ep u b lic  o f G erm any.
Theme 5 co n ta in s pap ers  g iving in fo rm a tio n  on the  techn ica l v isits . T rea tm e n t and  
p rocessing  of liqu id  m an u re  a t  th e  e x p erim en ta l s ta tio n  of H ohenheim  U n iv ersity  an d  b iogas 
p ro d u c tio n  a t  a  b iogas p la n t  v isited  b y  th e  p a r tic ip a n ts  o f th e  m ee tin g  are  described.
A t th e  m eeting , th e  a c tiv ity  o f th e  F A O -E u ro p ean  N etw ork  “ A nim al W aste  U tiliz a ­
t io n ” , an d  especially  th a t  o f its  S u b n e tw o rk  1, was eva lu a ted  b y  H ead  of S u b n e tw o rk  1, 
P ro fesso r I. E kesbo (Sw eden). H e sum m arized  th e  ach ievem ents o f th e  co-opera tion  and  
o u tlin e d  fu tu re  task s. S u b seq u en tly  th e  p a r tic ip a n ts  discussed a d ra f t  r e p o rt  concern ing  th e  
h y g ien ic  aspects o f liqu id  m an u re  h an d lin g , in te n d e d  for p re sen ta tio n  a t  a F  AO m eeting .
In  conclusion, i t  can  be  estab lished  th a t  th e  th o u g h t-p ro v o k in g  p ap ers  read  a t  th e  m ee t­
in g  a n d  th e  sp irited  and  fru itfu l discussion follow ing th em  have fa c ilita te d  progress in  th is  fie ld .
B etw een A pril 19 an d  22, 1983, Food and  A g ricu ltu ra l O rgan iza tio n  — E u ro p ean  
N e tw o rk  on “ A nim al W aste  U tiliz a tio n ”  held  a m eeting  in  B u d ap es t, H u n g ary . A t th is  m e e t­
in g , m em bers of S u b n e tw o rk  1 ev a lu a ted  com m en ts on th e  d ra ft re p o rt  p resen ted  a t  th e  H o h e n ­
h e im  m eeting , and  D r. G éza T am ási (H u n g a ry ) was com m issioned to  com pile th e  re p o rt  
co n cern ing  th e  hygienic aspects o f liqu id  m an u re  h an d lin g  in its  f in a l form . This fin a l re p o rt  
will be  discussed and  accep ted  a t th e  n ex t m eeting  of F  AO S ub n e tw o rk  1 in B rno (C zecho­
slo v ak ia ) in  1984.
G. T a m á s i
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IN S T R U C T IO N S  TO A U T H O R S
M an u scrip ts  a re  accep ted  on  th e  basis o f sc ien tific  sign ificance  a n d  su itab ility  fo r  p u b li­
c a tio n  on  th e  u n d e rs ta n d in g  t h a t  th e y  h a v e  n o t  been  p u b lish ed , su b m itte d  or accep ted  fo r p u b li­
c a tio n  elsew here. A ccep tan ce  depends on  th e  op in io n  o f tw o  referees a n d  th e  decision  o f th e  
E d ito r ia l  B o ard . P ap e rs  accep ted  fo r p u b lic a tio n  are  su b je c t to  e d ito ria l revision .
M A N U S C R IP T  S T Y L E
M an u scrip ts  m u s t  he  in  E n g lish  o r  H u n g a rian  a n d  c learly  a n d  concisely w ritte n . T h ey  
shou ld  be  ty p e d  double  spaced  w ith  w ide m arg ins. Tw o copies o f  th e  m an u sc rip t sh o u ld  be 
su b m itte d .
FO R M  O F  M A N U S C R IP T
T itle . T he t i t le  sh o u ld  be a c lear a n d  concise s ta te m e n t o f  th e  co n ten ts  in  n o t  m ore  th a n  
14 w ords. A sh o rt ru n n in g  t i t le  o f n o t  m ore  th a n  40 le t te rs  sh o u ld  also be supp lied . T his is 
follow ed by  th e  a u th o rs ’ in itia ls  (full f i r s t  nam e of w om en) a n d  su rn am e, an d  th e  n am e  of th e  
in s titu tio n  w here th e  w o rk  w as done. T h e  m ailing  ad d ress o f th e  a u th o rs  m u s t also be in d ica ted  
here.
Abstract. T his sh o u ld  n o t  exceed  200 w ords a n d  sh o u ld  o u tlin e  b rie fly  th e  pu rp o se  of th e  
s tu d y  a n d  d e ta il im p o r ta n t  fin d in g s a n d  th e  a u th o rs ’ p rin c ip a l conclusions. R e d u n d a n t ph rases, 
gen era lly  k n ow n in fo rm a tio n  a n d  re p e tit io n  should  he  avo ided .
Introduction. T his p a r t  should  s ta te  b riefly  th e  n a tu re  a n d  pu rp o se  of th e  w ork  a n d  cite  
re ce n t im p o r ta n t  w ork  b y  o thers .
M aterials and methods. D escribe  m ate ria ls , m e th o d s , a p p a ra tu s , e x p erim en ta l p roce­
d u re  a n d  s ta tis tic a l m e th o d s  in  su ffic ien t d e ta il to  allow  o th e r  a u th o rs  to  rep ro d u ce  th e  re su lts . 
T h is p a r t  m ay  h av e  su bhead ings.
R esults. T he ex p e rim e n ta l d a ta  sh o u ld  be p re sen te d  c learly  a n d  concisely. A vo id  re ­
p e a tin g  in fo rm a tio n  p re sen te d  in  tab le s  an d  figures.
Discussion shou ld  be focussed on  th e  in te rp re ta tio n  o f ex p e rim e n ta l fin d in g s . Do n o t 
re p e a t l ite ra ry  d a ta  p re sen te d  in  th e  In tro d u c tio n  or in fo rm a tio n  g iven  in  R esu lts . R eferences 
shou ld  he  c ited  as follow s: e.g. . . .  as o b se rv ed  b y  F a i th  a n d  T ru m p  (1976); o r in  p a ren th eses : 
. . . w ere fo u n d  (S ta rr  e t  a h , 1978; M anson an d  S ta rr , 1979).
Acknowledgement o f g ra n ts  a n d  tech n ica l help.
References. Cite o n ly  essen tia l references. T h ey  shou ld  be a rra n g e d  in  a lp h ab e tica l o rder 
o f th e  a u th o rs ’ su rn am es, w ith o u t serial n u m bers . T he reference l is t  a t  th e  end o f th e  p ap er 
shou ld  con tain
— fo r jo u rn a ls : n am es an d  in itia ls  o f  a ll a u th o rs , y e a r o f  p u b lic a tio n  (in  pa ren th eses), colon, 
E n g lish  t it le  o f th e  p a p e r (if th e  o rig ina l t it le  is n o t E n g lish , in d ica te  in  pa ren th eses , 
e.g. [in F ren ch ]) , jo u rn a l t it le  a b b re v ia te d  acco rd ing  to  th e  s ty le  used  in  In d e x  V eteri- 
n a riu s , vo lum e n u m b er, issue n u m b e r in  pa ren th eses , f i r s t  a n d  la s t  pages.
— fo r books: n am es a n d  in itia ls  o f a u th o rs /e d ito rs , y e a r  (in  p a ren th eses), t it le , p u b lish er, 
p lace o f p u b lica tio n , page n u m b er.
Tables. T h ey  sh o u ld  be  ty p e d  on se p a ra te  shee ts a n d  h av e  a  concise h ead ing  each. 
T ab les a re  to  he  n u m b ered  se q u en tia lly  b y  R o m an  num bers.
Figures. G o o d -q u a lity  glossy p r in ts  o f h a lf-to n e  i llu s tra tio n s  a n d  clear line d raw ings in 
In d ia n  in k  are  accep ted . T h e  n u m b er o f  th e  fig u re , th e  a u th o r’s n am e  a n d  th e  to p  of th e  figure  
should  be in d ic a te d  l ig h tly  in  so ft pencil on  th e  back . T he fig u res a re  to  be n u m b ered  seq u en ­
tia lly  b y  A rab ic  n u m bers . C aptions should  be  p ro v id ed  on a  se p a ra te  shee t. All figures should  
be re ferred  to  in  th e  te x t  a n d  th e ir  ap p ro x im a te  p lace in d ic a te d  on th e  m argin .
Abbreviations and symbols. Q u an titie s  should  he expressed  in  S I u n its . All a b b rev ia tio n s  
should  he  spelled  o u t w hen  f i r s t  used  in  th e  te x t .  P lease id en tify  u n u su a l sym bols in  th e  m arg in .
Proofs and reprints. Tw o se ts o f p roofs w ill be p ro v id ed , w hich  are  req u ested  to  be 
re tu rn e d  w ith in  48 hours o f  rece ip t to  th e  E d ito r . A lte ra tio n s  in  th e  te x t  an d  especially  in  th e  
illu s tra tio n s  are  expensive  a n d  should  be avo ided . One h u n d re d  re p rin ts  of each  p ap er are  su p ­
plied free o f  charge. A d d itio n a l re p rin ts  can  be ordered  a t  co st p rice  a t  th e  tim e th e  page p roof 
is re tu rn ed .
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STUDIES ON THE PROTEASE INHIBITOR OF 
K L E B S I E L L A  A E R O G E N E S
S. J uhász
V eterin ary  M edical R esearch  In s t i tu te ,  H u n g a rian  A cadem y of Sciences, 
H-1581 B u d ap es t, P . O. B ox  18, H u n g a ry
(R eceived  Ju n e  1, 1983)
A p ro tease  in h ib ito r  was p rep ared  and  p u rified  b y  a ffin ity  ch ro m a to g rap h y  fro m  cell 
e x tra c ts  of Klebsiella aerogenes. T he pu rified  m ate ria l w as fo u n d  to  in h ib it th e  a c tiv ity  o f 
b o th  try p s in  and ch y m o try p sin . T he in h ib itio n  o f b o th  enzym es d epended  on th e  sam e ac tiv e  
site. T he m olecular m ass o f th e  in h ib ito r  was be tw een  28,000 an d  30,000.
Keywords. K lebsiella  aerogenes, p ro tease  in h ib ito r , p u rificatio n .
In  a p rev ious p a p e r , we h a v e  re p o rte d  th e  recovery  o f a p ro tease  in h ib ito r  
from  cell e x tra c ts  o f  Proteus vulgaris  by  p u rif ic a tio n , using  a ff in ity  c h ro m a to g ­
ra p h y . The in h ib ito r  w as ac tiv e  ag a in st b o th  try p s in  an d  ch y m o try p sin , an d  
th e  try p s in -  and  ch y m o try p s in -in h ib itin g  a c tiv ity  w as associa ted  w ith  th e  sam e 
m olecule. I t  has b een  p roved  b y  en zy m atic  p re tre a tm e n t th a t  in h ib ition  can 
be a t tr ib u te d  to  th e  sam e, o r to  closely a d ja c e n t, ac tiv e  sites. T he m o lecu lar 
m ass o f th e  in h ib ito r  w as in  th e  range o f 30,000 to  32,000 as de term ined  b y  
gel c h ro m a to g ra p h y  (Ju h á sz , 1982).
R ecen tly , u s in g  sim ilar m eth o d s, we ex am in ed  th e  p ro tea se  in h ib ito r  o f 
K lebsiella  aerogenes, a n  in h ib ito r  th e  ex istence  o f  w hich w as f irs t re p o rte d  b y  
F ossum  (1970). O u r re su lts  a re  rep o rted  in  th e  p re se n t p ap er.
Materials and methods
Two K . aerogenes s tra in s  iso la ted  from  pigs w ere used. T he m ethods w ere 
described  in d e ta il b y  Ju h á sz  (1982).
Results
The crude  b a c te r ia l e x tra c ts  show ed n e ith e r  try p s in  n o r ch y m o try p sin  
a c tiv ity . The in h ib ito ry  a c tiv itie s  are  show n in  T ab le  I .
A liquots o f b o th  e x tra c ts  w ere p u rif ied  b y  a ff in ity  ch ro m a to g rap h y  on 
a S ep h a ro se -c h y m o try p s in  co lum n (T able I I ) .
B o th  in h ib ito rs  b ound  to  th e  gel, an d  w ere d eso rbed  up o n  elu tion  w ith  
HC1 w ith  an  effic iency  of a b o u t 70% . T h e  p u rified  in h ib ito r  so lu tion  w as
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t r e a te d  w ith  C hym otrypsin  an d  to sy l-p h en y la lan in e  ch lo ro m eth y l k e to n e  t r y p ­
sin  (T P C K  try p sin ) (T ab le  I I I ) .  B o th  ch y m o try p s in  an d  try p s in  p re tre a tm e n t 
re su lte d  in  th e  d isap p earan ce  o f th e  in h ib ito ry  a c tiv ity  ex e rted  on th e  hom o-
ТаЫе I
In h ib ito ry  activ ities o f  crude e x tra c t  a n d  b ac teria l cell m ass o f K . aerogenes
B ac teria l 
cell m ass 
g




U /g o f
b ac te ria l 
cell m ass
U /g  o f
U /m l b a c te ria l 
cell m ass
E x tra c t  1 0.125 6.25 52 2600 94 4700
E x tra c t  2 0.170 8.50 68 3400 104 5200
Table I I
R ecovery  of th e  try p s in  a n d  c h y m o try p sin  in h ib ito r  from  e x tra c ts  o f K . aerogenes 
b y  a ffin ity  ch ro m a to g rap h y
In h ib ito ry  a c tiv ity  (U) fo r
try p s in  ch y m o try p sin
ex trac t 1 ex trac t 2 ex tract 1 ex trac t 2
C rude e x tra c t (6 ml) 3 1 2 4 0 8 5 6 4 6 2 4
F ra c tio n s  e lu ted  by  b o ra te  b u ffer (40 ml) 0 0 0 0
F ra c tio n s  e lu ted  by  HC1 (4 m l) 210 2 6 9 4 3 5 440
R eco v ery  (% ) 6 7 .3 7 2 .5 7 7 .1 7 0 .5
Table II I
E ffec t of p re tre a tm e n t w ith  hom ologous enzym es on the  p u rified  in h ib ito r  of
K . aerogenes
In h ib ito r , before trea tm e n t (0.2 m l)
In h ib ito ry  a c tiv ity  (U) for 
t ry p s in  ch y m o try p sin
10.5 14.9
E n zy m e a c tiv ity  (U) 
t ry p s in  c h y m o try p sin
0 0
C hym otrypsin  (0.6 ml) 0 0 0 900
In h ib ito r , a f te r  p re trea tm en t w ith  
ch y m otrypsin 0 n.s. n.s. n.s.
T P C K -try p sin  (1.0 ml) 0 0 260 0
In h ib ito r , a f te r  p re tre a tm en t w ith  
T P C K -try p sin n.s. 0 n.s. n.s.
n .s. =  n o t  studied
T he te s ts  were perform ed in trip lica tes
A c ta  V e te r in a r ia  H u n g a r ic a  3 1 , 1 9 8 3
S T U D IE S  O N  T H E  P R O T E A S E  I N H IB IT O R  O F  K L E B SIE L L A  AEROGENES 1 2 3
Elution volume (ml)
Fig. 1. R ela tionsh ip  b e tw ee n  e lu tio n  volum e a n d  m olecu lar m ass on  a S ephadex  G-75 co lum n 
log  M r == 5.8084— 1.5902 K av (r2 =  0.9989)
logous enzym e, in d ic a tin g  th a t  the sam e (or v e ry  closely a d jacen t)  ac tive  sites 
w ere responsible fo r in h ib itio n  of th e  tw o  enzym es.
T he m olecular m ass  o f the  in h ib ito r  w as fo u n d  to  be  in  th e  range of 
28,000 to  30,000, as d e te rm in ed  by  gel c h ro m a to g ra p h y  (F ig . 1).
Discussion
T he p roperties o f  th e  in h ib ito r  s tu d ie d  in  th e  p re se n t w ork  closely 
resem ble  those of th e  p ro tea se  in h ib ito r  o f P . vulgaris  (Ju h á sz , 1982).
T he p ro tease  in h ib ito rs  of b o th  b a c te r ia  a c t on b o th  try p s in  an d  chym o- 
try p s in , i.e. th e ir  a c tiv e  sites are ab le  to  in h ib it b o th  o f th e se  enzym es. T he 
m o lecu la r m ass o f th e  p ro tease  in h ib ito rs  o f th e  tw o  b a c te r ia  is p rac tica lly  
id e n tic a l.
These c h a ra c te ris tic s , a lthough th e y  c a n n o t be consid ered  general fo r th e  
E n te ro b ac te riaceae  fa m ily , allow us to  d raw  th e  conclusion  th a t  th e  occurrence 
o f such p ro tease  in h ib ito rs  active a g a in s t try p s in  a n d  c h y m o try p s in  an d  o f 
re la tiv e ly  large m o lecu la r m ass (30,000) can  be reck o n ed  w ith  w ith in  th is  
fam ily .
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STUDIES ON THE ROLE OF PROTEASE INHIBITORS 
IN THE PATHOGENESIS OF SWINE DIARRHOEA 
CAUSED BY E S C H E R I C H I A  C O L I
S. J uhász and L . P rohászka
V eterin ary  M edical R esearch In s t i tu te ,  H u n g a rian  A cadem y of Sciences, 
H -1581 B u d ap est, P . O. B ox 18, H u n g a ry
(R eceived Ju n e  1, 1983)
H aem oly tic  a n d  non-haem oly tic  E . coli s tra in s  iso la ted  fro m  sw ine, a n d  stra in s  o f o th e r  
g en era  of th e  E n te ro b ac te riaceae  fam ily  ( Klebsiella aerogenes, Pseudom onas aeruginosa, Pro­
teus vulgaris, Salmonella typ h im u riu m , Salm onella derby, Shigella f le x n e r i, Shigella sonei) ,  w ere 
ex am in ed  for trypsin - a n d  ch y m o try p sin -in h ib ilo rs. No e x tra ce llu la r  in h ib ito rs  were d e tec ted . 
No co rre la tion  seem ed to  e x is t betw een in h ib ito ry  a c tiv ity  an d  en te ro p ath o g en ic ity . T he b a c ­
te r ia l  p ro tease  in h ib ito rs , being  of low a c tiv ity , c an n o t a cc o u n t for th e  s trik in g  decrease in  
p ro tease  ac tiv ity  o bserved  in  diarrhoeic sw ine.
Keywords. P ro tease  inh ib ito rs, pig, d ia rrh o ea , Escherichia coli.
T he li te ra tu re  is poor in d a ta  on b a c te r ia l p ro tea se  in h ib ito rs . H ey em  
an d  Sku lberg  (1962) rep o rted  th e  p resence o f  a try p s in - in h ib itin g  fac to r in  
c u ltu re  su p e rn a ta n ts  o f  C lostridium  bo tu linum . B recher an d  P u g a tc h  (1969) 
d e te c te d  a try p s in  a n d  a ch y m o try p sin  in h ib ito r  in  e x tra c ts  o f E . coli. F ossum  
(1970) found  try p s in -  an d  ch y m o try p sin -in h ib itin g  a c tiv ity  in  cells o f G ram - 
n eg a tiv e  b ac te ria  ( Proteus m irabilis, Proteus vulgaris, E . coli, K lebsiella  sp ., 
Serratia  marcescens a n d  Pseudomonas aeruginosa). R ecen tly  th e  p ro tease  in h ib ­
i to r  o f P . vulgaris  a n d  K . aerogenes h as  been  s tu d ie d  fo r m o lecu lar m ass an d  
a c tiv e  site  (Ju h ász , 1982, 1983).
T he a c tiv ity  o f in te s tin a l p ro teases  is s ig n ifican tly  reduced  in  pigs affec ted  
b y  E . coli d ia rrh o ea  (M észáros e t a l., 1967, Ju h á sz  e t  al., 1967). The question  
has arisen  w h e th e r p ro tea se  in h ib ito rs  o f th e  grow ing  b a c te ria l m ass c o n tr ib u te  
to  th is  reduc tion . T herefo re , (i) we com pared  th e  in h ib ito r  c o n te n t of pa thogen ic  
an d  n o n-pa thogen ic  b ac te ria l s tra in s  and  (ii) ex am in ed  w h e th e r in te s tin a l 
p ro teases  have an  en zy m a tic  effect on  in te s tin a l b a c te ria .
Materials and methods
T able I  show's th e  s tra in s  s tu d ied .
B ac te ria l c u ltu re s  were p la te d  on n u tr ie n t  a g a r in  P e tr i  dishes an d  
in c u b a te d  a t 37 °C fo r  2 days. S u b seq u en tly , b a c te r ia l  g row th  on th e  ag ar 
surface was sc raped  off. To release in tra c e llu la r  in h ib ito rs , th e  cells w ere 
w ashed  3 tim es in  sa line , cen trifuged  (19,000 g, 10 m in ), su spended  in  d istilled
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Table I
E . coli s tra in s  en te ro p ath o g en ic  a n d  non-en te ro p ath o g en ic  for sw ine an d  
o th e r s tra in s  of d iffe ren t gen era  o f E n te ro b ac teriaceae
S tra in N u m b e r o f  
s tra in s  s tu d ied
E . coli 0138:K81 haem o ly tic  (a ,b ) 2
E . coli 0139;K82 h aem o ly tic  (a ,b ) 2
E . coli 0141;K85,88 h aem o ly tic  (a ,b ) О
E . coli 0149;K 91,88 h aem o ly tic  (a ,b )
E . coli 017;K 16 non -h aem o ly tic J
E . coli 018;K 76 no n -h aem o ly tic 1
E . coli 0113;K75 n o n -h aem o ly tic 1
E . coli 0128;K67 no n -h aem o ly tic 1
K lebsiella aerogenes (a ,b ) 2
Pseudom onas aeruginosa  (a ,b ) 2
Proteus vulgaris (a ,b) 2
Salm onella typ h im u riu m  (a ,b ) 0
Salm onella derby 1
Shigella sonei 1
Shigella f le x n e r i 1
w a te r  and son ica ted  in  an  M SE so n ifie r fo r 40 m in (1.2 A). F u r th e r  release o f 
in h ib ito rs  from  th e  cells w as fa c ilita te d  b y  boiling  fo r 5 m in  follow ed by  
cen tr ifu g a tio n  fo r 40 m in  (19,000 g). T h e  su p e rn a ta n t w as te s te d  fo r in h ib ito ry  
a c t iv i ty  and  i t  w as freeze-sto red  u n t i l  u sed  (Fossum , 1970).
E nzym e a c tiv itie s  w ere d e te rm in ed  sp ec tro p h o to m etrica lly , in  T R IS  b u f­
fe r, p H  7.8, in  a vo lum e o f 3 m l. T h e  try p s in  a c tiv ity  w as d e te rm in ed  b y  th e  
m e th o d  of S chw ert an d  T ak en ak a  (1955), using N -a-benzoyl-L -arg in ine e th y l 
e s te r  as su b s tra te , b y  m easu ring  th e  e x tin c tio n  a t  253 n m ; th e  ch y m o try p sin  
a c t iv i ty  d e te rm in a tio n  w as p erfo rm ed  b y  th e  m eth o d  o f H um m el (1959) w ith  
a n  N -benzoyl-L -tyrosine e th y l e s te r  s u b s tra te , b y  m easu ring  e x tin c tio n  a t  
256 n m , a fte r  a p re -in cu b a tio n  p e rio d  o f 2 m in , w hich  is needed  fo r enzym e- 
in h ib ito r  b ind ing .
One u n it (U) o f enzym e a c tiv i ty  is defined  as th e  a m o u n t o f enzym e 
h y d ro ly s in g  1 om ol su b s tra te  p er m in , a t  25 °C. One u n it  o f in h ib ito ry  a c tiv ity  
is defined  as th e  a m o u n t of in h ib ito r  w h ich  in a c tiv a te s  one u n it  o f enzym e.
An in h ib ito r-ac tiv e  K . aerogenes s tra in  an d  an  in ac tiv e  E . coli 017;K 16 
s t r a in  w ere suspended  in  a saline so lu tio n  con ta in in g  2 m g/m l try p s in  an d  0.1 
m g /m l ch y m o try p sin . T he try p s in  a n d  ch y m o try p sin  ac tiv itie s  o f th e  system  
w ere  2100 U /m l an d  3150 U /m l, re sp ec tiv e ly . (F o r com parison: in  th e  no rm ally - 
fu n c tio n in g  sm all in te s tin e  o f sw ine th e  try p s in  and  c h y m o try p s in  ac tiv itie s
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are  1000— 10,000 U /m l and  2000-— 10,000 U /m l, re sp ec tiv e ly ). The sam e te s t  
s tra in s  were su sp en d ed  in  enzym e-free sa line  to  serve as con tro ls. The in it ia l  
b a c te r ia l coun ts co rresponded  to  103 co lony-fo rm ing  u n its  (cfu) p er m l. T h e  
b a c te r ia l  suspensions w ere in c u b a te d  a t  37 °C fo r 24 h , w h ereafter th e  cfu 
v a lu es  were d e te rm in e d  again.
R esults
In  th e  s u p e rn a te  ob ta ined  a f te r  th e  f ir s t  w ash ing  in  saline an d  th e  
su b se q u e n t c e n tr ifu g a tio n  of the  cell su spensions, n e ith e r  p ro tease  a c tiv ity  n o r 
p ro tea se  in h ib ito rs  could  be d e tec ted . T he in tra c e llu la r  ex tra c ts , m easu red
Table II
In trace llu la r  t ry p s in  a n d  chym otrypsin  in h ib ito r  ac tiv ities  o f c e r ta in  bac teria l s tra in s
In h ib ito r  (U /g  w e t w eight)
T ry p s in  C h y m o try p sin
E . coli 0139;K 82 (a) haem olytic 200 200
E . coli 0149;K 91,88 (b) haem oly tic 200 200
Pseudomonas aeruginosa 200 200
Klebsiella aerogenes (a) 2600 4700
Klebsiella aerogenes (b) 3400 5200
Proteus vulgaris  (a) 6500 8800
Proteus vulgaris  (b) 7100 10400
a f te r  son ica tion  b u t  befo re  boiling, show ed  no m easu rab le  p ro tease  a c t iv i ty  
b u t  d id  have in h ib ito ry  ac tiv ity . I n h ib ito ry  a c tiv ity  w as h ig h er a fte r bo iling .
A m ong th e  E . coli stra ins s tu d ie d , o n ly  tw o  s tra in s  (0139;K 82, a a n d  
0149;K 91,88, b), b o th  haem oly tic a n d  b o th  iso la ted  from  swine show ing  
sy m p to m s of e n te r ic  disease, w ere fo u n d  to  possess in tra c e llu la r  in h ib ito ry  
a c t iv i ty , even th e se  a t  v e ry  low levels (200 U /g o f w et w eig h t of b ac te ria , fo r  
b o th  in h ib ito rs). N o n e  o f the  n o n -en te ro p a th o g en ic  s tra in s  iso la ted  fro m  
h e a lth y  swine c o n ta in e d  in h ib ito rs.
A m ong th e  o th e r  s tra in s , b o th  o f  th e  P . vulgaris  an d  b o th  of the  K . aero- 
genes s tra in s  possessed  an  ea s ily -d e tec tab le  in h ib ito ry  a c tiv ity  while th e  
a c t iv i ty  of one o f th e  Pseudomonas aeruginosa  s tra in s  w as low  (Table I I ) .
N e ith e r th e  in h ib ito r-a c tiv e  K . aerogenes n o r th e  in a c tiv e  E . coli te s t  
s tra in  m u ltip lied  in  th e  enzym e-free sa line  w hile b o th  m u ltip lied  in  th e  enzym e- 
c o n ta in in g  one. In  th e  la t te r  m edium  th e  in itia l 103 cfu /m l va lu e  rose to  108— 109 
cfu /m l w ith in  24 h  w ith  b o th  s tra in s .
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D iscussion
A lthough  p ro te a se  in h ib ito rs  o f  G ram -nega tive  b a c te r ia  were f irs t 
d esc rib ed  m ore th a n  10 y ea rs  ago, no  a t te n t io n  has been  p a id  to  th em  since. 
I t  w ou ld  be im p o r ta n t  to  c larify  th e ir  bio logical role since in h ib ito r-p o sitiv e  
G ram -n eg a tiv e  b a c te r ia  p lay  a co n sid e rab le  p a r t in g a s tro e n te ritis  and  it  is 
n o t  im possible th a t  th e ir  in h ib ito rs  in flu en ce  th e  p a th o m ech an ism  of these  
d iseases in  som e w ay . T herefo re , i t  seem ed  to  be reasonab le  to  seek answ ers 
to  th e  tw7o questions m en tio n ed  in  th e  In tro d u c tio n .
F irs t, we w ished  to  see w h e th e r b a c te r ia l in h ib ito rs  h ad  an y  effect on 
th e  enzym es fu n c tio n in g  in  th e  h o s t’s in te s tin e . The absence  o f ex trace llu la r  
in h ib ito rs  spoke a g a in s t such  an  a ssu m p tio n . H ow ever, in tra c e llu la r  in h ib ito rs  
re lea sed  by  b a c te r ia  d is in teg ra tin g  in  th e  g u t m ay  get in  c o n ta c t w ith  th e  
h o s t’s p ro teases. O ne g o f w et w e ig h t o f  P . vulgaris ( th e  s tra in  show ing th e  
m o s t p ronounced  in h ib ito ry  a c tiv ity  in  o u r experim en ts) h a d  an  in h ib ito ry  
a c t iv i ty  of 6500 a n d  7100 U fo r tr y p s in  an d  th a t  of 8800 an d  10,400 U  fo r 
c h y m o try p sin . (N a tu ra lly , -we on ly  h a v e  d a ta  on s tra in s  grow n on n u tr ie n t 
m ed ia , and  these  m a y  n o t re flec t th e  ev en ts  in  th e  in te s tin e s .)  One m l o f 
sm a ll-in te s tin a l c o n te n ts  from  h e a lth y  sw ine show ed in h ib ito ry  ac tiv ities  o f 
1000— 10,000 U a n d  2000— 10,000 U fo r  try p s in  and  c h y m o try p sin , resp ec­
t iv e ly . T ak ing  in to  a cco u n t th e  enzym e- an d  in h ib ito ry  a c tiv itie s , we are  sure 
t h a t  i t  is im possib le  t h a t  even la rg e  q u a n titie s  of b a c te r ia  could  cause th e  
d ra s tic  decrease o f  enzym e a c tiv ity  o b serv ed  in en te ritis . O n th e  o th e r h an d , 
i t  is possible th a t  b a c te r ia  m ay  cause a less expressed  decrease in  enzym e 
a c tiv itie s  of sm a ll- in te s tin a l p ro teases.
B acteria  w ere fo u n d  to  possess o n ly  in trace llu la r (and  no ex trace llu lar) 
p ro tea se  in h ib ito rs. I t  seem s th ere fo re  p ro b ab le  th a t  th e  p r im a ry  fu nc tion  o f 
in h ib ito rs  is n o t to  p ro te c t  b a c te ria  a g a in s t exogenous enzym es; m ore p ro b ab ly , 
th e y  p a r tic ip a te  in  th e  reg u la tio n  o f  th e  b a c te ria l enzym e sy stem . O ur resu lts  
h a v e  n o t revea led  th e  e x a c t b io logical ro le  of th e  in h ib ito rs .
A lthough  som e o f th e  E . coli s tra in s  te s te d  by  us possessed  in trace llu la r 
in h ib ito ry  a c tiv ity , th is  w as n o t c h a ra c te r is tic  of s tra in s  o f en te ro p a th o g en ic  
an tig en ic  s tru c tu re  a n d  o f  h aem o ly tic  a b ili ty . T herefo re , we assum e no co rre la ­
t io n  betw een  in h ib ito ry  a c tiv ity  a n d  p a th o g e n ic ity .
The second q u e s tio n  w as w h e th e r th e  p ro tease  a c tiv ity  o f sm a ll- in te s tin a l 
c o n te n ts  in fluences th e  m u ltip lica tio n  o f  b ac te ria , an d  w h e th e r in h ib ito rs  can  
p ro te c t  b ac te ria  a g a in s t p ro teases . F ro m  in  v itro  ex p e rim en ts  i t  was concluded  
t h a t  in  th e  presence  o f  p ro teases, s tra in s  lack in g  in h ib ito rs  m u ltip lied  a t  le a s t 
as w ell as those  c o n ta in in g  in h ib ito rs . F u rth e rm o re , in  a m ed iu m  co n ta in in g  
no  o th e r source o f  en e rg y , th e  m u ltip lic a tio n  of b o th  in h ib ito r-a c tiv e  an d  
in a c tiv e  b a c te ria  w as ad v a n ta g e o u s ly  in fluenced  b y  th e  p resence of th e  
enzym es. P re su m ab ly , th e  b a c te ria  u tiliz e d  th e  enzym es as energy  (and  p ro te in )
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sources. T here fo re , u n d er th e  p re se n t co n d itio n s  o f ex p e rim en t, p ro tease  
in h ib ito rs  d id  n o t in fluence  b a c te ria l m u ltip lic a tio n  in  th e  presence o f p ro tea se  
enzym es.
O ur re su lts  do n o t agree in  a ll d e ta il  w ith  tho se  re p o r te d  b y  F ossum  
(1970). T hus, a lth o u g h  we succeeded in  d e m o n s tra tin g  in h ib ito ry  a c tiv ity  in  
a few  E . coli s tra in s , th is  a c tiv ity  w^as v e ry  w eak . T he sam e applies to  P seudo­
monas aeruginosa. S im ilarly  to  F o ssu m  (1970), we d e tec ted  in h ib ito rs  in  K .  
aerogeries an d  P .  vulgaris  s tra in s.
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STUDY OF THE DURATION OF IMMUNITY OF 
SHEEP VACCINATED AGAINST SHEEP POX WITH 
A LIVE VIRUS VACCINE
L . P e r ENLEI* and F . SÓLYOM
P h y lax ia  V e te rin a ry  Biologicals Co., H-1107 B u d a p es t, Szállás u . 5; a n d  *Biocom plex, Songino ,
M ongolia
(R eceived Ju n e  23, 1983)
T he d u ra tio n  of im m u n ity  to one dose of 1000 T C ID 30 live v iru s  vaccine p rep ared  fro m  
th e  “ Perego-M ”  sheep pox  v irus s tra in  p ro p a g a ted  in  cell cu ltu re  w as s tu d ied . Vaccinées p ro v e d  
to  be fu lly  p ro tec te d  fo r a t  least 18 m o n th s p o s t v acc in a tio n  ag a in s t a challenge in fec tion  w ith  
200 ID 50 of v iru le n t v iru s. O nly one o u t o f 4 an im als was p ro tec te d  24 m on ths, an d  n o n e  36 
m o n th s , p o st v acc in a tio n . Y early  rev acc in a tio n  o f th e  w hole flocks a t  a season w h en  th e ir  
lam bs are 2 to  3 m o n th s  old keeps th em  u n d e r co n tinuous solid p ro tec tio n . In  th e  la s t  th ree  
y ears 5 m illion  doses o f th is  vaccine w ere ap p lied  in  th e  en d an g ered  a rea  and  since t h a t  tim e  
no case o f  sheep p o x  h as occurred.
K eyw ords. Sheep pox , live v iru s vacc ine , im m u n ity .
F reeze -d ried  vaccine p ro d u ced  fro m  sheep p o x  v iru s  a d ap ted  to  cell 
c u ltu re  h as  b een  used  in  M ongolia since 1979 (P eren le i a n d  Sólyom , in  p ress; 
Sólyom  e t  a l., 1980). To develop a p ra c tic a l v a c c in a tio n  p rog ram m e, th e  
p ers is ten ce  o f im m u n ity  due to  v a c c in a tio n  h ad  to  be de te rm in ed .
S evera l p u b lica tio n s  have  ap p ea red  on live v iru s  vaccines a d a p te d  to  
d iffe ren t cell cu ltu re s  (A dlakha e t a l., 1971; A ygün , 1955; K öylü  an d  N a d a , 
1971; L ang  an d  L efth e rio tis , 1961; M artin  e t al., 1973; M a tev a -P an k o v a  e t  al., 
1974; R a m y a r, 1965; R am y ar an d  H essam i, 1970). H ow ever, sc a n ty  in fo r­
m a tio n  is av a ilab le  a b o u t th e  d u ra tio n  o f im m u n ity  p ro d u ced  b y  such v accines.
T he p o te n c y  o f vaccines has b een  te s te d  b y  tw o  m ethods. E ith e r  th e  
vaccinées w ere challenged  w ith  a f ix  dose (50 to  1000 I D 50) of v irus, o r th e  
in fec tiv e  v iru s  w as t i t r a te d  p a ra lle l on th e  sk in  of vaccinées an d  of u n v acc in a ted  
an im als (so-called  “ index  of p ro te c tio n “  m ethod). R am isse  e t al. (1978) 
e s tab lish ed  th a t  vaccinées w ere re s is ta n t fo r 3 m on ths a g a in s t 1 m illion I D 50 
o f v iru s  b u t  th is  res is tan ce  level decreased  to  1000 ID 50 betw een  th e  4 th  to  
6 th  m o n th s  p o s t v acc in a tio n  (p .v .). P re c a u s ta  e t al. (1978) d e te rm ined  th e  
in d ex  o f p ro te c tio n  fo r vaccinées 6, 12 a n d  20 m o n th s fo llow ing v acc in a tio n . 
T h ey  fo u n d  in d e x  values of 4.2, 3.1 a n d  1.1 in  th e  6 th , 1 2 th  and  2 0 th  p o s t­
v ac c in a tio n  m o n th s , resp ec tiv e ly . T he a im  o f o u r s tu d y  w as to  te s t  th e  d u ra tio n  
o f im m u n ity  ev o k ed  b y  our vaccine, b y  m eans of challenge infec tion . S im u lta ­
neously , th e  p o te n c y  o f th e  vaccine w as e v a lu a te d  in  th e  fie ld .
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Materials and m ethods
V accine
T he “ P erego-М“ v iru s  s tra in  a d a p te d  to  lam b  te stic le  cell cu ltu re  w as 
u sed . T h e  dose of th e  v acc ine  w as 1000 T C ID 50 v iru s  in  1 m l. T h e  vaccine w as 
in je c te d  su b cu tan eo u sly  b eh in d  th e  sh o u ld e r.
E xp erim en ta l anim als
T w elve m on th s o ld  sheep o f b o th  th e  M ongolian an d  th e  O rhon  breeds 
w ere  used . The an im als  o rig in a ted  fro m  a n  a rea  w here n o  sheep  pox  h a d  
o c c u rre d  in  th e  p reced in g  5 y ea rs . B o th  ex p e rim en ta l g roups co n ta in ed  sheep 
o f th e  tw o  breeds in  eq u a l p ro p o rtio n . 2 x 1 5  sheep w ere v a c c in a ted , 15 served  
as c o n tro l. D uring  th e  o b se rv a tio n  p e rio d  o f 36 m o n th s, 15 an im als w ere 
d isca rd ed  in  consequence o f  in te rc u rre n t d iseases, th u s , f in a lly  18 v acc in a ted  
a n d  11 con tro l sheep w ere challenged .
Challenge infection
T h e v acc in a ted  sheep  w ere challenged  w ith  a v iru s s tr a in  iso la ted  from  
a n a tu ra l  o u tb re a k  o f  sheep pox  in  M ongolia (S tav ro g a ly ). B o th  v acc in a ted  
a n d  co n tro l sheep w ere in o cu la ted  w ith  200 I D 50 of th e  v iru le n t v irus u n d e r 
th e  sk in  o f th e  ta il . T h e  challenged  an im a ls  w ere observed d a ily  for 15 day s 
fo r  local reac tio n  and  fever.
Results
D ura tion  o f  evoked im m u n ity
In  w an t o f a n y  in fo rm a tio n  a b o u t th e  d u ra tio n  o f  im m u n ity  by  th is  
vacc in e , y ea rly  rev acc in a tio n  o f w hole flo ck s was carried  o u t. To s tu d y  th e  
d u ra tio n  of p o s tv a c c in a tio n  im m u n ity , each  o f 15 sheep o f th e  M ongolian an d
Table I
S tu d y  of th e  d u ra tio n  of im m u n ity  in  sheep  v acc in a ted  w ith  live  v iru s vaccine
ag ain st sheep  pox
No. of protected No. of challenged animals
Months 12 18 24 36
Vaccinées 4 /4 * 6 / 6 1 /4 0 /4
Controls 0 /3 0 / 2 0 /3 0 /3
* challenge dose: 200 ID 50 v iru s  per an im al
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O rhon b reeds w ere v a c c in a ted . T hese sheep  w ere k e p t to g e th e r, w hile 15 
u n v acc in a ted  co n tro l sheep  of th e  sam e b reeds w ere k e p t sep a ra te ly . T he 
sheep w ere v a c c in a ted  su b cu tan eo u sly  b y  one dose. T h en  4 to  6 vaccinées an d  
2 or 3 co n tro ls  w ere challenged  12, 18, 24 an d  36 m o n th s  p .v . The challenged  
sheep w ere o b serv ed  fo r 15 days.
T he re su lts  o f th e  challenge te s ts  a re  su m m arized  in  T able I. A ll c h a l­
lenged an im als  w ere p ro te c te d  up  to  th e  18 th  m o n th  p .v ., how ever, 25 m o n th s  
p .v . only one o f  4 an im als an d  36 m o n th s p .v . none o f th e  an im als was p ro te c te d  
ag a in st a cha llenge  dose o f  200 ID 5Q v iru s .
Discussion
The e x p e rim e n t p ro v ed  th a t  a ll sheep  v a c c in a ted  w ith  a dose o f  1 m l 
(1000 T C ID 50) w ere p ro te c te d  fo r one a n d  a h a lf  y e a r  ag a in s t a challenge 
in fec tion  o f 200 I D - 0 v iru le n t v iru s. T hese re su lts  a re  in  ag reem ent w ith  th o se  
o f P re c a u s ta  e t  al. (1978), w ho checked  th e  im m u n ity  o f  v acc in a ted  sheep  b y  
m eans o f th e  so-called  “ in d ex  m e th o d “ . T he an im als  v acc in a ted  b y  th e m  
resis ted  a cha llenge  in fec tio n  w ith  1250 I D 30 v iru s  12 m o n th s  p .v ., how ever, 
20 m o n th s  p .v . th e y  w ere re s is ta n t o n ly  a g a in s t 12 I D 50 challenge v iru s . 
R am isse e t  a l. (1978) u sed  th e  sam e in d e x  m e th o d  to  te s t  th e  im m u n ity  of 
sheep v a c c in a ted  w ith  a live  v irus vaccine . T h ey  e stab lish ed  th a t  6 m o n th s  
p .v . th e  v acc inées re s is te d  a challenge w ith  10,000 I D - 0 v iru le n t v irus.
In  v iew  o f th e  above resu lts  an d  th e  fa c t th a t  m a te rn a l an tibod ies t r a n s ­
ferred  v ia  co lo s tru m  from  im m une ewes to  th e ir  lam b s w ould  h in d e r th e  
d eve lopm en t o f  la s tin g  im m u n ity  fo r th e  f irs t  2 to  3 m o n ths of th e ir  life 
(P recau s ta  e t a l., 1978), y e a r ly  v a c c in a tio n  o f  w hole flocks in  a season w hen  
th e  lam b s reach ed  th is  age, w ill re su lt in  fu ll p ro te c tio n  o f  th em  aga in st sheep 
pox. T he soun d n ess  o f th is  v acc in a tio n  schedu le  has been  p roved  b y  th e  fa c t 
th a t  no case o f  sheep  p o x  occurred  in  t h a t  a rea  o f  M ongolia w here a ll sheep  
w ere re g u la rly  v a c c in a ted  fo r  th e  la s t 3 y ea rs . I n  acco rdance  w ith  experiences 
o b ta in ed  w ith  a n  in a c tiv a te d  vaccine (Sólyom  e t a l., 1982) no differences in  
th e  im m une  resp o n se  to  o u r live v iru s  vacc in e  w ere  observed  in  sheep o f  th e  
tw o  breeds te s te d .
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MASS ABORTION CAUSED BY INFECTIOUS 
RHINOTRACHEITIS (IBR/IPV) VIRUS IN A BEEF 
CATTUE HERD
J .  Tanyi, E . Bajmócy, В . F azekas and É va J .  K aszanyitzky
V e te rin a ry  In s t i tu te  o f D ebrecen, H-4031 D ebrecen, Széchenyi u. 94, H u n g a ry  
(R eceived  J u ly  12, 1983)
In  th e  f ir s t  q u a r te r  o f 1982, 157 o f 200 p re g n an t H erefo rd  heifers pu rchased  b y  a fa rm  
ab o rted  be tw een  th e  5 th  a n d  9 th  m o n th  o f pregnancy .
S ix ty -six  fe tu ses an d  3 p lacen tae  w ere exam ined. H istop a th o lo g ica lly , and  ra re ly  also 
b y  gross ex am in a tio n , in flam m ato ry -n ec ro tic  foci were found  in  th e  liv e r an d  spleen  o f m ore 
th a n  h a lf  o f th e  fe tuses. O ccasionally  ic te ru s w as also observed . B y  m icroscopic ex am in a tio n  
an d  b ac te ria l c u ltu r in g , lis te ria , strep tococci and  staphylococci w ere d em o n s tra ted  in  one 
fe tu s each , and  fung i in  fu r th e r  3 fetuses. A ll exam ined  m a te ria ls  p ro v ed  to  be neg ativ e  for 
b rucella , lep to sp ira  an d  ch lam y d ia . In fec tious rh in o trach e itis  v iru s  w as iso lated  from  8 fe tuses.
T he m a jo r ity  o f  th e  a b o rte d  heifers w ere tes ted  sero log ically  an d  p roved  neg ativ e  for 
brucellosis an d  lep tosp irosis. Som e blood sam ples were tes ted  also fo r ch lam ydia l an tib o d ies , 
all w ith  n eg ativ e  re su lts . T he 50 blood sam ples tes ted  for an tib o d ies  to  infectious rh in o trach e itis  
v iru s w ere p o sitiv e , w ith  t itre s  1 : 2-1 : 256 (geom etric  m ean  t i t r e :  1 : 28).
In  all p ro b a b ili ty , th e  s tock  consisting  of th e  200 p u rch ased  p re g n an t heifers seronega­
tiv e  for IB R /IP V  m u s t have  co n tra c te d  in fec tion  from  th e  ow n se ropositive  stock  o f th e  fa rm . 
In  th e  la t te r  s to ck  th e  ra te  o f ab o rtio n  was 5 to  10%  u n d e r sim ila r conditions.
In  th e  p re sen t o u tb re a k , h igh  su scep tib ility  o f th e  s tock , h ig h  exposure  to  in fec tion  due 
to  th e  m an ag em en ta l tech no logy  an d  in ap p ro p ria te  hygienic co n d itio n s , and  a m ark ed  im p a ir­
m en t of th e  h e rd ’s n a tu ra l  resistance  caused b y  u n u su a lly  cold w e a th e r  and  fau lts  in  feeding 
m u st have  jo in tly  led  to  th e  severe abortion .
K eyw ords. IB R /IP V  v iru s, ab o rtio n , b eef c a ttle , f irs t-ca lf  heifer.
T he g e n ita l fo rm  o f in fec tio u s rh in o trach e itis /in fec tio u s  p u s tu la r  v u lv o ­
v a g in itis  ( IB B /IP V ) w as f ir s t  observed  in  th e  la s t c e n tu ry , an d  has been  s tu d ied  
in  g rea t d e ta il re c e n tly  (B aren fu s e t a l., 1963; S ax eg a rd , 1970). T h e  u p p e r 
re sp ira to ry  fo rm  o f th e  d isease w as recognized  in  th e  U n ited  S ta te s  in  th e  
m id-fifties, an d  th e  com m on aetio log ica l agen t o f th e  tw o  disease fo rm s w as 
id en tified  in  th e  la te  ‘f if tie s  (M adin e t  a l., 1956; M cK erch er e t al., 1959). T hese 
re su lts  w ere co n firm ed , am ong  o th e rs , b y  H u n g arian  a u th o rs  (M anninger e t al., 
1962; M ann inger an d  M észáros, 1975).
S u b se q u e n tly  also ab o rtio n s  w ere traced  b ack  to  IB R /IP V  v iru s  in fec­
tio n , f ir s t  in  th e  U n ite d  S ta te s  follow ing v acc in a tio n  o f  p re g n a n t cows w ith  
an  a t te n u a te d  liv e -v iru s  vaccine. Soon a fte rw ard s , IB R  v iru s  w as iso la ted  
from  n a tu ra l  cases. E a te r  on , s im ilar observ a tio n s w ere rep o rted  from  o th e r 
c o n tin e n ts  a n d  sev era l E u ro p e a n  co u n trie s  (am ong o th e rs , b y  Chow e t al., 
1964; C rane, 1965; F iam in i and  A llegri, 1972; H igg ins e t ah , 1981; H o lte r  an d  
A ndrew s, 1979; K ah rs  an d  S m ith , 1965; K elling  e t a l., 1973; M agnani e t a l., 
1978; M cK ercher an d  W ad a , 1964; M ehro tra  et a l., 1979; Owen e t al., 1964; 
R eed e t a l., 1971; S a tta r  e t al., 1965; Saxegard , 1970; S tra u b , 1966, 1978, 1982).
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In  th e  m ean tim e , disease fo rm s ch a rac te rized  by  en cep h a litis  and /o r 
co n ju n c tiv itis  also becam e kn o w n  on severa l c o n tin en ts  an d  in  num erous 
c o u n trie s  (A b in an ti a n d  P lu m er, 1961; B aren fu s e t al., 1963; B a r th a  e t al., 
1969; D aw son e t a l., 1962; F re n c h  (1962a, 19626); H u g h es e t a l., 1964; 
Q u in , 1961).
P u s tu la r  v u lv o v a g in itis  h as  long  been  know n in  H u n g a ry . I n  th e  second 
h a lf  o f  th e  ’six ties, th e  occurrence  o f b o th  th e  u p p e r re sp ira to ry  a n d  th e  ence­
p h a litic  form s w as re p o rte d  (C sontos a n d  M aczkó, 1967; B a r th a  e t al., 1969). 
Y irological and  v irus-sero log ica l ex am in a tio n s  perfo rm ed  in  d iffe ren t p a r ts  o f 
th e  co u n try  have  p ro v e d  a co n sid e rab ly  w ide occurrence a n d  sp read ing  
te n d e n c y  of th e  d isease (am ong  o th e rs , M ocsári e t a l., 1973; K u d ro n , 1979; 
T a n y i e t al., 1979).
In  H u n g ary , no a b o rtio n  fo llow ing n a tu ra l  in fec tion  b y  IB R  v irus has 
b e e n  rep o rted  so fa r.
T he p resen t p a p e r  describes an  o u tb re a k  o f m ass a b o r tio n  observed  in 
H u n g a ry . The o u tb re a k , caused  by  th e  IB R  v iru s , d raw s a t te n t io n  to  som e 
im p o r ta n t  im p lica tio n s.
Materials and m ethods
Gross pathological, histopathological, bacteriological and mycological exam inations
A fter gross p a th o lo g ica l ex am in a tio n , th e  fetuses w ere exam ined  b y  
ro u tin e  d iagnostic  m e th o d s . Sm ears p re p a re d  from  th e  p la c e n ta e  and fe ta l 
s to m ach s were s ta in ed  accord ing  to  S ta m p ’s m ethod .
C ulturing  of b a c te r ia  w as a tte m p te d  fro m  p lacen ta , s to m ach , liver and  
lu n g  sam ples, w hile th a t  o f fungi from  s to m ach  sam ples. C om m on agar, blood 
a g a r  an d  beer ag ar w ere  used as n u tr ie n t  m ed ia . T he cu ltu re s  w ere in cu b a ted  
a t  37 °C, u n d er aerob ic  co n d itions in  an  a tm o sp h e re  c o n ta in in g  5—10%  carbon  
d io x id e  for 7 days. T h e  resu lts  w ere re a d  da ily .
F o r the  d e m o n s tra tio n  o f lep to sp ires , liv e r and  k id n ey  sam ples collected 
from  fe tuses w ere fix e d  in  10%  fo rm alin  an d  processed b y  L e v a d iti’s silver 
im p reg n a tio n  tech n iq u e .
F rozen  sections w ere p rep ared  from  liv er, spleen and  k id n ey  sam ples 
fix e d  in  form alin , an d  w ere s ta in ed  w ith  h aem a to x y lin  an d  eosin .
Virological and virus-serological exam ina tions
F o r v irus iso la tio n , pooled  o rg an  h om ogenates of th e  in n e r  organs were 
u sed , o r, in  some cases, th e  liv er, sp leen , k id n ey , g a s tro in te s tin a l t r a c t  and  
lu n g  o f th e  fetuses w ere processed sep a ra te ly , depend ing  on  th e  degree of
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au to ly sis  of fe tu ses. T h e  h o m ogenates w ere in o cu la ted  in to  p rim a ry  calf te s tic le  
an d  p rim ary  and  seco n d ary  ca lf  k id n ey  m o n o lay er cell cu ltu res . The cell cu l­
tu re s  w ere read  da ily  a n d  th re e  to  six b lin d  passages w ere m ade a t  in te rv a ls  
o f  3 to  5 days.
T he v irus-sero logical ex am in a tio n s  an d  th e  id e n tif ic a tio n  o f th e  iso la ted  
s tra in s  w ere perfo rm ed  b y  m eth o d s used  in  ro u tin e  d iag n o stic  w ork  in  H u n g a ry  
(C sontos an d  M aczkó, 1967; B a r th a  e t ah , 1969; M ocsári e t ah , 1973; K u d ro n , 
1979; T an y i e t a l., 1979).
Serological exam ina tions
In  brucella  an d  le p to sp ira  exam in a tio n s, b lood  sam ples w ere f ir s t  te s te d  
b y  a m icro m eth o d , an d  on ly  po sitiv e  sera  or th o se  g iv ing  d o u b tfu l re su lts  
w ere re te s te d  b y  a m acro  m eth o d .
As an tigens, B rucella  abortus m a rk e te d  b y  P h y la x ia  V e te rin a ry  Biologi- 
cals an d  F eed stu ffs  Co. (B u d ap est, H u n g a ry ) fo r use in  th e  ag g lu tin a tio n  an d  
com plem ent f ix a tio n  te s ts , an d  lep to sp ira  s tra in s  cu ltu red  in  K o rth o ff’s 
m ed ium  for 3 -4  day s w ere used . In  th e  ch lam y d ia  co m p lem en t f ix a tio n  te s t  
an an tig en  d esigna ted  “ O dessa“ , p ro d u ced  in  th e  U S S R , w as used.
Results
In  th e  a u tu m n  o f 1981, fa rm  “ Sz’‘ p u rch ased  200 f irs t-c a lf  heifers o f th e  
H erefo rd  breed . T he heifers w ere k e p t on a se p a ra te  p a s tu re , iso la ted  from  th e  
H ere fo rd  and  L im ousine h e rd s  th a t  h ad  been  k e p t  on th e  fa rm  fo r a longer tim e .
A t th e  end  o f N o v em b er, th e  p u rch ased  heifers w ere m ixed  w ith  th e  50 
“ ow n“  f irs t-c a lf  heifers o f th e  fa rm . W ith  th e  onset o f w in te r, th e  p u rch ased
(A) sto ck  and  a n o th e r  s to ck  of sim ilar size (B) w ere p u t  to  sep a ra te  a reas  o f 
a p a s tu re , close to  a d e tach ed  fa rm . F eed ing  an d  w a te rin g  of th e  tw o h e rd s  
w ere p erfo rm ed  in  an  iso la ted  m an n er. T he feed , co n sisting  m ain ly  of co rn  
silage an d  h ay , w as sp read  on th e  g ro u n d  fo r th e  an im als. T he w in te r w as 
u n u su a lly  severe, th e  w a te r-p ip es  w ere frozen  sev era l tim es, lead ing  to  d is­
tu rb a n c e s  in  w a te r  su p p ly . I n  som e cases, because  o f te m p o ra ry  d is tu rb an ces 
in  w a te r  supp ly , an im als  o f th e  tw o herds h ad  to  be w a te red  from  th e  sam e 
d rin k in g  tro u g h s , a lth o u g h  n o t a t  th e  sam e tim es. I n  ad d itio n  to  th e  above 
tw o h e rd s , fa rm  “ Sz”  possessed fu r th e r  tw o  b eef h erd s  (herds C and  D). T hese 
w ere w in te red  in  th e  neighb o u rh o o d  o f a m ore rem o te  fa rm stead .
D ue to  th e  severe , long  w in te r an d  th e  p o o r feed ing  an d  keeping con­
d itio n s, th e  bo d y  co n d itio n  o f an im als d e te rio ra ted . T h ey  w ere k e p t in  th e  
open  fie ld , u n sh e lte red , w ith o u t d ry  re s tin g  p laces. T h e ir need  fo r p ro p er re s tin g  
areas w as w ell in d ic a te d  b y  th e  fa c t th a t  th e y  la y  dow n on  th e  h ay  fresh ly
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Fig. 1. T im e-course o f th e  a b o rtio n s  in  th e  H ereford  h e rd  of 200 heifers
sp re a d  on th e  g ro u n d . O n th e  m ost severe  w in te r days, an im als w ere unab le  
to  consum e, on ly  licked , th e  frozen , s to n e -h a rd  silage.
In  th e  second h a lf  o f J a n u a ry , a b o rtio n  show ing a ra p id ly  increasing  
te n d e n c y  occurred  in  th e  p u rch ased  s to ck , reach ing  a p eak  of 8 to  10 ab o rtio n s 
d a ily  2 w eeks a fte r  th e  f ir s t  case. T h e  p rocess m ostly  passed  o ff in  a  m o n th ’s 
tim e  (F ig . 1). O n th e  w hole, 157 o f th e  200 purchased  heifers a b o rte d . A bor­
tio n s  occurred  in  th e  5 th  to  9 th , m o s tly  in  th e  5 th  to  7 th  m o n th s , o f p reg n an cy .
T he ab o rtio n s  o ccu rred  on th e  p a s tu re  w here th e  h e rd  w as k e p t. Since 
th e  sy m p to m s o f a b o rtio n  w ere recogn ized  la te , iso la tion  w as n o t possib le in  
d u e  tim e . H ow ever, cows th a t  h a d  c a s t th e ir  fetuses, an d  th e  a b o rte d  fetuses 
a n d  p lacen tae  w ere im m ed ia te ly  rem o v ed  from  th e  herd .
A b o rtio n  d id  n o t seriously  w ear o u t th e  dam s. A b o u t 30 to  40%  o f th e  
cow s re ta in e d  th e  p la c e n ta  fo r 1 to  3 d a y s ; in  som e cases th e  p la c e n ta  h a d  to  
be rem o v ed  m an u a lly . T he v isib le  m u co u s m em branes o f th e  g en ita l organs 
show ed  no ap p rec iab le  changes.
W ith  th e  m a jo rity  o f a b o rte d  an im als , th e  in v o lu tio n  o f  rep ro d u c tiv e  
o rg an s  w as ra p id  an d  u n co m p lica ted . H ow ever, in  a few  cases t r e a tm e n t was 
necessa ry .
O n th e  w hole, 66 a b o rte d  fe tu ses  an d  3 p lacen tae  w ere sen t to  our 
la b o ra to ry .
A p p ro x im a te ly  h a lf  of th e  fe tu se s  h ad  in flam m ato ry -n ec ro tic  foci in 
p a re n c h y m a l o rgans, m ain ly  in  th e  liv e r  a n d  occasionally  in  th e  k id n ey . In  
som e cases foci w ere observed  m acro sco p ica lly , b u t fo r th e  m ost p a r t  on ly  by  
h is to p a th o lo g ica l e x am in a tio n . O ccasionally  w ell-visible, in  o th e r  cases only  
su p p o sab le , ic te ru s  w as also observed . T h e  ex am in a tio n s w ere la rg e ly  h am p ered  
b y  th e  fa c t th a t  th e  m a jo r ity  o f fe tu ses a rr iv ed  in  frozen  s ta te  an d  p ro v ed  to  
be  au to ly sed  a f te r  thaw dng.
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P a r t  o f th e  h e a lth y  ca lves delivered  a t  fu ll te rm  succum bed  to  E . coli 
d ia rrh o ea  or coli sep ticaem ia .
In  h e rd  B, th e  g ro u p  k e p t close to  th e  p u rch ased  (A) h e rd , and  in  th e  
tw o h e rd s  k e p t on a m ore  fa r-o ff  fa rm stead  (herds C a n d  D ), 5 to  10%  o f th e  
p re g n a n t heifers a b o rte d  in  ap p ro x im ate ly  th e  sam e p e rio d  o f p reg n an cy , 
co incid ing  in  tim e  w ith  th e  ab o rtio n s in  h e rd  A.
M icrobiological and serological exam inations
B acterio log ica l a n d  h is to p a th o lo g ica l e x am in a tio n s  a im ed  a t  th e  d e tec ­
tio n  o f b rucella , le p to sp ira  and  ch lam ydia  gave n e g a tiv e  re su lts  w ith  all 
fe tu ses . One fe tu s  y ie ld ed  L is te ria , a n o th e r s trep to co ccu s a n d  a th ird  s ta p h y lo ­
coccus, w hile 3 fu r th e r  fe tu se s  y ielded fung i.
IB R /IP V  v iru s  w as iso la ted  from  8 fe tu ses an d  h e rp esv iru s  v irions w ere 
show n b y  e lec tro n  m icro sco p y  in  p lacen tae  ex am in ed  in  th e  D e p a rtm e n t of 
P a th o lo g y , U n iv e rs ity  o f V e te rin a ry  Science (B u d ap est)  (F ig . 2).
B lood  sam ples fro m  105 ab o rted  cows w ere te s te d  fo r lep to sp ira  and  
b ru ce lla  an tib o d ies . A ll o f  th ese , as w ell as th e  10 b lood  sam ples te s te d  fo r 
ch lam y d ia  an tib o d ies  p ro v e d  negative . F ive  to  25 days a f te r  ab o rtio n , blood 
sam ples o f 50 an im als w ere te s te d  for an tib o d ies  to  IB R  v iru s , and  all showed 
considerab le  a n tib o d y  t i t r e s  (Table I). W e d id  n o t te s t  h e rd  A serologically 
before  th e  o u tb re a k  b u t  as w e have been  in fo rm ed  th e  s to ck  from  w hich th e  
heifers w ere tra n sp o r te d  w as seronegative fo r an tib o d ies  to  IB R /IP V .
B lood  sam ples w ith d ra w n  from  h e a rts  o f 22 fe tuses p ro v ed  to  be n egative  
for IB R /IP V  an tib o d ies .
F ig. 2. IB R /IP V  v iru s  from  a p lacen ta . E lec tro n  m icrograph , X 135,000
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Table I
V iru s-n eu tra liz in g  (VN) titre s  to  IB R /IP V  v irus in  b lood  sam ples 
o f 50 a b o rte d  an im als (h e rd  A) 5 to  25 days a f te r  ab o rtio n  
(ag a in st 100 T C ID 5o/0.1 m l v irus)
S eru m  dilution 2 4 8 16 32 64 128 256
D istr ib u tio n  of positive sam ples 
b y  titre 3 4 3 9 11 12 7 1
G eom etric  m ean titre  1 : 28
Table II
R ate  o f se ro p o sitiv ity  to  IB R /IP V  virus in herds C an d  D 
in re la tio n  to  age and  p regnancy
H erd  C H erd  D
M aiden b reed ing  heifers 7/10* 5/10
Heifers in  la te  p regnancy 8/10 9/10
Calved f irs t-ca lf  cows 10/10 10/10
* n u m b e r  o f positive an im a ls /n u m b er of anim als te s te d
Y irus-serological s tu d ies  w ere ex te n d e d  to  an im als o f herds C and  D, 
i.e . m aiden  heifers a n d  in -ca lf  heifers in  d iffe ren t s tages o f  p reg n an cy . In  these 
h e rd s , though  th e  n u m b e r o f  se ro p o sitiv e  an im als rose w ith  th e  ad v an ce  of 
p re g n a n c y , an d  w ith  th e  p assin g -o ff o f  p a r tu r i t io n  (T ab le  I I ) ,  th e  ra te  of 
a b o r tio n  was low . I n  th ese  h e rd s , a t te m p ts  to  iso la te  v iru s  from  th e  ra re ly  
o ccu rrin g  ab o rtio n s fa iled .
Discussion
O f v iru s-induced  ab o rtio n s an d  rep ro d u c tiv e  d iso rd ers  o f  c a ttle , those 
in d u c e d  by h e rp esv iru ses , an d  p a r tic u la r ly  b y  th e  IB R /IP V  v iru s , were 
id e n tif ie d  f irs t, an d  h a v e  been  re p o rte d  m ost f re q u e n tly  since (D ra a y e r and 
K irk b rid e , 1977; S tra u b , 1978, 1982).
In v es tig a tio n s  in to  th e  o u tb re a k  described  above h av e  led  us to  conclude 
t h a t  th e  m ass a b o r tio n  m u st h av e  been  caused b y  th e  a d d itiv e  effect of th e  
fo llow ing  facto rs, (i) H igh  su scep tib ility  o f th e  tra n s p o r te d  heifers. A t th e  tim e  
o f  th e ir  tra n sp o r ta tio n  to  th e  fa rm , th e  f irs t-c a lf  heifers w ere, in  all p ro b ab ility , 
se ronega tive . T he “ o w n “  h e rd s  o f th e  fa rm , being se ro p o sitiv e , ap p ea red  to  
be  th e  reservoir o f th e  v iru s. In  th ese  la t te r  h erds, only  5 to  10%  of th e  an im als 
a b o r te d  un d er co n d itio n s  id en tica l w ith  tho se  fo r the  p u rch ased  stock , (ii) H igh 
ex p o su re  to  in fec tio n . T he an im als w ere k e p t u n d e r loose cond itions, in  u n d i­
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v id ed  large g roups, crow ded in  a sm all a rea . T h e ir feed  w as sp read  on  th e  
g ro u n d  for th e m , an d  n e ith e r  ca lv in g  s ta lls  n o r q u a ra n tin e  prem ises w ere 
av ailab le , (iii) M arked  im p a irm en t o f n a tu ra l res is tan ce . T here  is no d o u b t 
th a t  in th e  severe, long  w in te r, th e  feed ing  w as u n sa tis fa c to ry  for th e  p re g n a n t 
f ir s t-c a lf  heifers w h ich  h ad  no d ry  re s tin g  p lace an d  occasionally  en co u n tered  
d ifficu lties w ith  d rin k in g  w a te r supp ly .
I t  is know n  fro m  th e  l i te ra tu re  th a t  in  herds w ith  a b o rtio n  even th e  
calves delivered  a t  fu ll te rm  are u su a lly  o f low w eig h t an d  are freq u en tly  
a ffec ted  b y  E . coli d ia rrh o ea  and  coli sep ticaem ia  (S ax eg ard , 1970). This fa c t 
is confirm ed  also b y  o u r p resen t o b se rv a tio n s.
Several a u th o rs  have succeeded in  inducing  a b o rtio n  in  suscep tib le  
p re g n a n t an im als w ith  v iru s s tra in s  iso la ted  from  IB R /IP V  v irus-induced  
ab o rtio n s (Chow e t a l., 1964; O w en e t  a l., 1964; S a t ta r  e t  a l., 1967; S tra u b , 
1978, 1982).
I t  has been estab lish ed  th a t  IB R /IP V  v irus can  in d u ce  ab o rtion  in  all 
periods of p reg n an cy . H ow ever, u n d e r  n a tu ra l co n d itio n s  ab o rtio n  occurs 
m o stly  in  th e  second  h a lf  o f p reg n an cy , s im ila rly  to  th e  p re se n t case.
In fec tio n  ex p erim en ts  have  show n th a t  no a b o rtio n  occurs up  to  th e  
2 0 th  d ay  p o st-in fec tio n  (P I) . M ost ab o rtio n s  ta k e  p lace betw een  th e  2 0 th  an d  
3 5 th  d ay  P I .  I n  o u r case, filling -up  o f th e  stock  an d  m ix in g  o f  th e  tw o h e rd s , 
i.e . in fec tion , to o k  p lace in  th e  f ir s t  h a lf  o f D ecem ber (F ig . 1).
A ccording to  th e  lite ra tu re , m u ltip lica tio n  of th e  v iru s  in  th e  organ ism  
leads to  fe ta l d e a th . H ow ever, th e  d ead  fe tu s  is expu lsed  from  th e  m a te rn a l 
o rgan ism  only  day s a fte r  its  d ea th . T herefo re , fe tuses su b m itte d  for ex am in a ­
tio n  are often  in  a m ark ed ly  au to ly sed  s ta te . O ur o b se rv a tio n s  agree w ith  th e  
above s ta te m e n t, a lth o u g h  in  ou r case th e  low  a m b ie n t tem p e ra tu re  w ould  
h av e  ce rta in ly  p re v e n te d  au to lysis  ta k in g  p lace o u tside  th e  d a m ’s o rgan ism . 
T herefo re , h is to p a th o lo g ica l ex am in a tio n  o f fe tuses w as re s tric ted  on ly  to  
d e tec tio n , or in  som e cases only  to  p rem o n itio n , o f n ec ro tic  lesions. No in t r a ­
nu c lea r inclusion  bodies were seen. T h is is in  ag reem en t w ith  lite ra ry  d a ta  
suggesting  th a t  in tra n u c le a r  inclusion bodies are in fre q u e n t, being p resen t in  
large num bers on ly  on th e  f irs t days a f te r  v iru s  in fec tio n , w'hen th e y  are  easy  
to  observe. A b o rtio n , how ever, ta k e s  p lace  on ly  a fte r  th is  period .
The h igh  serum  a n tib o d y  ti t re s  o f  a b o rte d  cows are  con sis ten t w ith  m o st 
li te ra ry  d a ta  (S tra u b , 1982).
H e a r t  b lood  sam ples in  a vo lum e su ffic ien t fo r te s tin g  were ava ilab le  
from  ab o u t o n e -th ird  of th e  fetuses. A ll o f these  sam ples p roved  n egative  fo r 
an tib o d ies  to  IB R /IP V  v irus. So fa r no seropositive  fe ta l b lood  derived from  
n a tu ra l  cases o f IB R /IP V  has been  re p o rte d  in  th e  li te ra tu re . This can  be 
ex p la ined  b y  th e  fa c t th a t  th e re  is n o t enough  tim e  fo r a n tib o d y  p ro d u c tio n  
even  if  th e  fe tu s  is im m u n o co m p eten t (S tra u b , 1982).
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OESOPHAGOGASTRIC ULCER IN SWINE AND VITAMIN U 
I. RELATIVE INCIDENCE OF THE 
SYNDROME IN HUNGARY
J .  T a m á s , J .  B o k o r i  an d  M . H e g e d ű s
D e p a rtm e n t o f A n im al N u tr itio n , U n iv ersity  o f V e te rin a ry  Science, H-1400 B u d ap es t, P . O.
B ox 2, H u n g ary
(R eceived  Ju n e  20, 1983)
S tom achs o f 14,711 pigs o f 95 to  105 kg  live bod y  m ass an d  su b jec ted  to  ro u tin e  s lau g h te r 
a t  slau g h te rh o u ses w ere ex am ined  to  de term ine  th e  re la tiv e  incidence of oesophagogastric  u lcer 
o f sw ine in  H u n g a ry . T he pigs o rig in a ted  from  48 pig farm s.
T he m ucous m em b ran e  of th e  p a rs  oesophagica o f th e  sto m ach s was in ta c t in  on ly  6 .8%  
o f th e  pigs. W hile in  43 .2%  of th e  pigs on ly  th e  ep ith e liu m  show ed lesions, in  50 .0%  of th em  
erosions, u lcers o r lesions in d ica tiv e  o f u lcer healed w ith  c ic a tr iza tio n  w ere found .
T he re su lts  w ere classified  also on  th e  basis o f th e  pig fa rm s w here th e  an im als h ad  been 
k e p t,  i.e. in d u s tr ia l  large-scale u n its  (I) , u n its  using sem i-in d u stria l techno logy  ( I I )  an d  u n its  of 
co n v en tio n al sy s tem  ( I I I ) .  T he m ucous m em brane  of th e  p a rs  oesophagica  was in ta c t  in  3.5 (I),
6.8 ( I I )  an d  23.7 ( I I I )  %  of th e  pigs. Patho log ical lesions o f th e  ep ith e liu m  w ere observed  in
39.8 (I) , 54.1 ( I I )  a n d  54.4 ( I I I )  % , w hile erosions, u lcers o r fo rm s th e re o f healed  w ith  c ic a tr i­
z a tio n  in 56.7 (I) , 39.1 ( I I )  and  21.9 ( I I I )  %  of th e  ex am ined  an im als.
K eyw ords. P ig , oesophagogastric  ulcer, re la tiv e  incidence.
O f th e  tw o  w ell-d istingu ishab le  form s o f oesophagogastric  u lcer o f pigs, 
th e  lo ng -know n  so-called p ep tic  u lcer occu rring  in  th e  g lan d u la r p a r t  (p a rr 
g lan d u la ris) o f  th e  s to m ach  is negligible, due to  its  low  incidence. B o th  l ite ra ry  
d a ta  (B alogh  e t a l., 1969; Milic e t a l., 1969; M uggenburg  e t al., 1964) and  oui 
ow n experiences gained  a t  s laugh terhouses in d ic a te  th a t  th is  form  o f gastric  
u lcer occurs a t  p re se n t ra re ly , in  0.4 to  2 .1%  o f cases.
T he s itu a tio n  is q u ite  d iffe ren t w ith  th e  so-called  oesophagogastric  u lcer 
o f  p igs, c h a ra c te riz e d  by  u lcer fo rm a tio n  on th e  m ucosa  o f th e  oesophageal 
p a r t  (p ars  oesophagica) o f th e  sto m ach . In  th e  la s t  15:—20 years, p ara lle l w ith  
th e  e s ta b lish m e n t o f in d u stria l-sca le  pig u n its  a n d  th e  d ev e lopm en t of swine 
in d u s try , o esophagogastric  u lcer has occurred  w ith  an  ever increasing  fre ­
q u en cy , an d  on sev era l occasions i t  has re su lted  in  m ass disease.
T he op in ion  o f in v es tig a to rs  is alm ost fu lly  u n an im o u s in  s ta tin g  th a t  
oesophagogastric  u lcer is ab so lu te ly  d is tin c t from  th e  so-called p ep tic  u lcer, 
i.e ., th ese  tw o fo rm s o f u lcer are  u n re la ted . O n ly  N g u y en  T an -H u n g  (1966) 
exp ressed  th e  o p in ion  th a t  i t  w as n o t necessary  to  discuss sep a ra te ly  th e  u lcers 
localized  in  th e  p a rs  oesophagica an d  those fo rm ed  in  th e  fu n d u s of th e  s to m ach , 
since, in  his op in ion , p ep tic  u lcer can  be regarded  as th e  acu te , w hile oesophago­
gastric  u lcer as th e  ch ron ic , fo rm  o f stom ach  u lcer o f  pigs.
T o g e th e r w ith  n u m ero u s au th o rs , p a r tic u la r ly  w ith  D obos-K ovács e t al. 
(1979), we consider oesophagogastric  u lcer o f pigs a new  d is tin c t syndrom e, a
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F ig . 1. Severe ep ith e lia l lesion  (p ro life ra tio n , p a ra -  or h y p e rk era to s is ) ex ten d in g  to th e  whole
p ars oesophagica
F ig. 3. R e la tiv e ly  su p erfic ia l u lcer ex­
ten d in g  to  th e  w hole p a rs  oesophagica
F ig . 2. Ulcers (U ) o f v a ry in g  size and 
sev e rity
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p ath o lo g ica l process beg inn ing  w ith  m ore  ő rle ss  severe ep ith e lia l lesions (p ro lif­
e ra tio n , p a ra -  or hy p erk e ra to sis) (F ig . 1) in  th e  oesophageal p a r t  o f th e  g astric  
m ucosa. S u b seq u en tly , in  ad d itio n  to  ep ith e lia l lesions o f v a ry in g  sev e rity , 
erosions a p p e a r  w hich  develop in to  sm alle r or la rger u lcers f ir s t  re s tr ic te d  to  
th e  su p erfic ia l, la te r  ex ten d in g  also to  th e  deeper tissues (F ig . 2). S om etim es 
these  u lcers in v o lv e  th e  en tire  oesophagea l p a r t  o f th e  s to m ach  (F ig . 3). D ue 
to  th ese  u lce rs , re c u rre n t b leed ing  a n d  su d d en  d ea th  due to  haem o rrh ag e  in to  
th e  lu m en  o f th e  s to m ach  (Fig. 4) are  n o t  in fre q u e n t. O ccasionally , p e rfo ra tio n  
o f th e  s to m ach  w all m ay  also occur. U lcers m ay , how ever, heal b y  re p a ra tio n , 
leav ing  b eh in d  a lin e a r  or s ta r le t-sh a p e d  c ica trix . T he c o n tra c tin g  scar-tissu e  
m ay  deform  th e  a ffec ted  p a r t  of th e  s to m a c h , freq u en tly  lead ing  to  co n stric tio n  
of th e  ca rd iac  orifice (F ig. 5). T he u lc e ra tiv e  process m ay  recrudesce in  th e
Fig. 4. D eep u lce r ex ten d in g  to  th e  whole p a rs  oesophagica. F a ta l  haem o rrh ag e  in to  th e  lu m en
of th e  s to m ac h
Fig. 5. U lcer healed  w ith  c ica triza tion . C o n stric tio n  of th e  card iac  orifice (Oe)
Acta Veterinäria Hungarica 31, 1983
1 4 8 TA M Á S e t  al.
Fig. 6. U lcer healed w ith  c ica triza tio n . T he process h as recrudesced  in th e  new ly-form ed p a v e ­
m en t ep ith e liu m
p a v e m e n t ep ith e liu m  fo rm ed  in  th e  a rea  o f th e  u lcer filled  up  b y  scar-tissue
(F ig . 6).
S im ilar lesions m ay  be found  occasionally  in  th e  low er th ird  o f th e  
oesophagus.
A lm ost a ll in v e s tig a to rs  a t t r ib u te  th e  f ir s t  d escrip tion  o f th e  disease to  
B u lla rd  (1951). H o w ev er, according to  A sd ru b a li (1966), M ora observed  oeso- 
p h ag o g astric  u lce r in  I ta ly  a lready  in  1941.
In  th e  la s t 1 0 -1 5  years th e  sy n d ro m e  has been fo u n d  to  occur, w ith  
v a ry in g  freq u en cy , in  th e  pig p o p u la tio n  of a lm ost all coun tries h av in g  an  
a n im a l b reed ing  m ore  developed th a n  average .
I ts  occurrence in  H u n g ary  w as f ir s t  re p o rte d  in  1969 by  Szabó an d  
Süveges (1969) a n d  K ovács (1969). T he fo rm er a u th o rs  rem ark ed  th a t  oeso- 
p h ag o g astric  u lce r h a d  been observed  in  H u n g a ry  a lread y  in  1963, how ever, 
i t  h ad  no t been  d esc rib ed  a t th a t  tim e .
O esophagogastric  u lcer m ay  occur in  pigs o f all ages, in  suck ing  pigs 
(A dam esteanu  e t  a l., 1969; T am ás e t a l., 1978) as w ell as in  several y ea rs  old 
b reed in g  pigs (K o w alczy k  et al., 1966; Szabó an d  Süveges, 1969). N ev erth e less  
its  h ighest inc idence  can he observed  am ong  fa tte n e d  pigs. The n u m ero u s  
p u b lica tio n s re p o r tin g  on th e  average  incidence o f th e  syndrom e also p o in te d  
o u t th a t  oesophagogastric  u lcer caused  m o st d am age in  fa tte n e d  pig p o p u la tio n s .
A ccording to  re p o rts  pub lished  in  th e  la s t  15—20 y ea rs , ab road  th e  re la tiv e  
incidence o f th e  sy n d ro m e  was be tw een  2.5 a n d  75.6%  (Milic e t a l., 1969;
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M uggenburg e t a l., 1964). H ow ever, in  som e e x p e rim e n ta l p ig  groups an  in c i­
dence as h igh  as 96 .0%  w as observed  (Sabec an d  S ch röder, 1970).
Several p u b lic a tio n s  have d ea lt w ith  th e  re la tiv e  incidence  of oesophago- 
gastric  u lcer in  H u n g a ry  as well. Szabó an d  Süveges (1969) exam ined  360 an d  
1000 fa tte n e d  pigs a t  s lau g h te r, an d  fo u n d  u lcers an d  c ica trices in  th e  p a rs  
oesophagica of th e  s to m ach  in  11.4 an d  10.2%  of th e m , resp ec tiv e ly . K ovács 
(1969) observed  p ro n o u n ced  u lce ra tiv e  lesions in  th e  oesophageal p a r t  o f th e  
s to m ach  in  10%  o f 2000 fa tte n e d  pigs, w hile B alogh  e t al. (1969) found  lesions 
in  th e  pars  oesophag ica  in  29.58%  o f th e  1430 fa tte n e d  pigs exam ined  a t  
s lau g h te r. In  th e  l a t t e r  g roup  of pigs, th e  observed  lesions show ed th e  follow ing 
d is tr ib u tio n ; p a th o lo g ic a l lesions re s tr ic te d  to  th e  ep ith e liu m  w ere found  in  
28.88, erosions in  0 .63, an d  ulcers in  0 .07%  o f th e  cases. T h e  au th o rs  p o in ted  
o u t th a t  th e  average  incidence show ed considerab ly  w ide v a r ia tio n  (betw een  
15 an d  49% ) b e tw een  p ig  herds.
K ovács (1974) re p o rte d  th a t  o f 13,432 fa tte n e d  pigs exam ined  a t  8 
slau g h te rh o u ses  o f H u n g a ry  in  th e  perio d  b e tw een  1967 an d  1972, 1712 an im als 
(12 .74% ) h ad  p ro n o u n ced  ulcers in  th e  p a rs  oesophagica o f th e  stom ach . T he 
re la tiv e  incidence show ed ra th e r  w ide v a r ia tio n  (8.6 to  20 .2% ) betw een  
s lau g h te rhouses. O n th e  basis of h is in v es tig a tio n s , K ovács accep ted  th e  
p ro g n o stic  su p p o sitio n  th a t  th e  u lce ra tiv e  fo rm  of th e  disease m ig h t reach  an  
av erag e  incidence o f  2 0%  b y  1975-1976, and  25%  b y  1980, in  in d u s tr ia l, 
large-scale  fa tte n e d  p ig  u n its  o f H u n g a ry .
Since p a r t  o f  th e  above au th o rs  (K ovács, 1969, 1974; Szabó an d  Süveges, 
1969) have  s tu d ied  o n ly  cases o f p ro n o u n ced  u lcer fo rm a tio n , and  o th ers  
(B alogh  e t al., 1969) th e  re la tiv e  incidence o f th e  m ore o r less p rogressed  stages, 
i.e. lesions c h a ra c te r is tic  o f th e  syndrom e an d  w e ll-d istingu ishab le  b y  gross 
pa th o lo g ica l ex am in a tio n , we (T am ás e t a l., 1977; T am ás a n d  B okori, 1979), 
ag reeing  w ith  th e  la t t e r  au th o rs , a tte m p te d  to  assess th e  re la tiv e  incidence 
o f oesophagogastric  u lce r in  H u n g ary .
In  th e  p resen t p a p e r , resu lts  o b ta in ed  b y  ex am in in g  s tom achs of 14,711 
pigs a re  re p o rte d .
Materials and methods
O n th e  w hole, s to m ach s  of 14,711 pigs o f 95 to  105 kg  live  bo d y  m ass, 
o rig in a tin g  from  48 p ig  farm s and  s lau g h te red  as u su a l a t  s lau g h te rh o u ses  
w ere exam ined  to  d e te rm in e  p recisely  th e  re la tiv e  inc idence  of oesophago­
g astric  u lcer in  H u n g a ry  on th e  basis o f gross pa tho log ica l f in d in g s ob ta in ed  
b y  ex am in in g  large n u m b e rs  of anim als.
Lesions found  in  th e  p a rs  oesophagica o f  sto m ach s ex am in ed  b y  d issection  
w ere classified  in to  six  g ro u p s as follow s;
Group 1. T he m ucosa w as free from  patho lo g ica l changes.
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Group 2 . There were o n ly  m ild , c ircum scribed  ep ith e lia l lesions re s tr ic te d  to  th e  
edges of m ucosal fo lds.
G roup 3. T he m ucosa e x h ib ite d  severe, d iffuse  lesions o f  th e  ep ithe lium .
Group 4 . In  add itio n  to  ep ith e lia l lesions o f  v a ry in g  se v e rity , erosions th e  size 
of a p in h ead  o r o f  a b a rley -co rn  w ere also p re se n t.
G roup 5. One or m ore a c u te , su b a c u te  or ch ron ic  u lcers th e  size of a cornel 
g ra in  or o f a  c h ild ’s p a lm  w ere observed .
G roup 6. M arks of u lcers h ea led  w ith  c ic a tr iz a tio n  w ere seen.
T he pigs ex am in ed  h ad  com e fro m  in d u s tr ia l la rge-scale  p ig  fa rm s of 
closed  system , from  sem i-in d u s tr ia l u n its  o f inco m p le te ly  closed system , and  
fro m  tho se  o p era tin g  w ith  a c o n v en tio n a l m an ag em en t techno logy .
R esults and discussion
T he resu lts  o f th e  p o s tm o rte m  e x a m in a tio n  o f sto m ach s of 14,711 pigs 
a re  sum m arized  in  T ab le  I .
D a ta  o b ta ined  d u rin g  th e  p re se n t su rv ey  w ere c lassified  also on th e  basis 
w h e th e r  th e  ex am in ed  p igs h ad  com e fro m  farm s o f in d u s tr ia l, sem i-in d u stria l 
o r co n v en tio n a l sy s tem . T h e  resu lts  in  th is  c lassifica tion  are  show n in  T ab le  I I .
T ab le  I  show s t h a t  i t  is n o t w ith o u t reason  th a t  o esophagogastric  u lcer 
o f  p igs has com e to  th e  lim e lig h t in  H u n g a ry , since o f  th e  exam ined  14,711 
p ig  s tom achs o n ly  1003 (6 .8% ) h a d  in ta c t  m ucous m em b ran e  in  th e  pars 
oesophagica. The oesophagea l p a r t  o f th e  sto m ach  show ed sm aller or la rg e r 
erosions, acu te , su b a c u te  or ch ron ic  u lcers of v a ry in g  sev e rity , or m ucosal 
le sions healed  w ith  c ic a tr iz a tio n  in  7356 an im als (50 .0% ).
T he gross p a th o lo g ica l f in d in g s o f  th o se  6352 pig  sto m ach s (43.2% ) w hich 
show ed  “ on ly”  e p ith e lia l lesions o f g re a te r  or lesser sev e rity  are  also rem ark ab le  
a n d  m u st be co nsidered  serious in  re sp e c t o f th e  p a th o lo g ica l course. N am ely ,
Table I
R esults o f  s to m ac h  ex am in a tio n s  perform ed a t  s laugh terhouses




Mucosa free o f pa th o lo g ica l changes 1003 6.8
Circum scribed, m ild  lesions in th e  ep ithe lium 2611 17.8
Severe, diffuse lesions in  th e  ep ithelium 3741 25.4
E pithelial lesions w ith  erosion(s) 2678 18.2
Ulcer(s) 3619 24.6
U lcer healed w ith  c icatriza tio n 1059 7.2
14711 100.0
Acta Veterinaria Hungarica 31, 1983
R E L A T IV E  IN C ID E N C E  O F  O E S O P H A G O G A S T R IC  U L C E R  IN  P IG S 151
Table II
R esu lts  of s to m ach  ex am in atio n s in  pigs derived  from  u n its  of 
d iffe ren t m an ag em en t technology
Lesions found in the pars 
oesophagica of the stomach
Industrial-scale units Sem i-industrial units Conventional units
num ber of 
animals 0//о
num ber of 
animals О//о
num ber of 
animals %
M ucosa free o f pathological 
changes 3 9 2 3 .5 7 6 6 .8 5 3 5 2 3 .7
C ircum scribed, m ild lesions in 
th e  ep ithelium 1 7 9 1 1 5 .8 2 3 0 2 0 .5 5 9 0 2 6 .1
Severe, diffuse lesions in the  
ep ithelium 2 7 2 4 2 4 .0 3 7 7 3 3 .6 6 4 0 2 8 .3
E p ith e lia l lesions w ith  ero- 
sion(s) 2 2 6 5 2 0 .0 1 8 3 1 6 .3 2 3 0 1 0 .2
Ulcer(s) 3 2 1 9 2 8 .4 1 9 3 1 7 .2 2 0 7 9 .2
U lcer healed  w ith  c icatri­
zation 9 a  0 8 .3 6 3 5 .6 5 6 2 .5
1 1 3 3 1 1 0 0 .0 1 1 2 2 1 0 0 .0 2 2 5 8 1 0 0 .0
acco rd ing  to  th e  s tud ies o f A d am estean u  e t a l., 1969; A sd ru b a li, 1966; Dobos- 
K ovács e t  a l., 1979; K ow alczyk  e t a l., 1960; M uggenburg  e t  a l., 1964; P e rry  
e t a l., 1963; R o th e n b a c h e r e t  a l., 1963; Szabó an d  Süveges, 1969, an d T a m á s  
e t a l., 1977 an d  1978, th ese  p r im a ry  lesions can  be reg a rd ed  as th e  in itia l stage 
o f th e  sy n d ro m e. I t  is m ere ly  a q u es tio n  of tim e , b u t  even  m ore  so a m a tte r  
o f  th e  p resence of u n fav o u rab le  en v iro n m en ta l fa c to rs , in  m o st cases fau lts  
o f m an ag em en t tech n o lo g y , th a t  th e  syn d ro m e develops to  its  m ost severe 
s tag e , i.e . d e a th  b y  h aem o rrh ag e  in to  th e  lum en of th e  s to m a c h . T he u n fa v o u r­
ab le effects o f th e  en v iro n m en t (stress fac to rs) m ay  la rg e ly  c o n tr ib u te  to  th e  
a g g ra v a tio n  o f th e  disease w hich  has been  in d u ced  p r im a rily  b y  a n o th e r  fac to r, 
o r fa c to rs  (B arzo i e t ah , 1968; C u rtin  e t  ah , 1963; D ob o s-K o v ács e t ah , 1979; 
K ovács, 1976; Reese e t a l., 1966; R ik e r e t  a l., 1967; T am ás  an d  B okori, 1979; 
an d  T am ás e t a l., 1978). H ow ever, i t  should  be em phasized  th a t ,  accord ing  
to  our o b se rv a tio n s , stress is o n ly  an  a g g ra v a tin g , an d  n o t  a p r im a ry  causa tive , 
fa c to r  in  oesophagogastric  u lce r o f swine.
T he d a ta  of T ab le  I I  also in d ic a te  th a t  o eso p h ag o g astric  u lcer o f pigs 
occurs s ig n ifican tly  m ore fre q u e n tly  in  fa tte n e d  p ig  p o p u la tio n s  k e p t in  in ­
d u stria l-sca le  fa rm s th a n  in  th o se  o f co n v en tio n a l ones. W hile  in  co n ven tiona l 
fa rm s th e  average  incidence w as 76 .3%  (ex trem e  v a lu es  36.0 an d  97 .5% ), in  
in d u str ia l-sca le  u n its  th is  v a lu e  w as 96 .5%  (ex trem e  va lu es  89.6 a n d  100.0% ). 
T h e  av e rag e  incidence  fo u n d  in  s lau g h te red  pigs o rig in a tin g  from  sem i-in­
d u s tr ia l  f a tte n in g  fa rm s (93 .2% ) w as be tw een  th e  ab o v e  tw o  v a lu es .
In  a d d itio n  to  th e  re la tiv e  inc idence  of th e  sy n d ro m e , th e  m ore severe 
fo rm  ch a rac te rized  by  u lcer fo rm a tio n  w as also m ore f re q u e n t in  in d u s tr ia l
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p ig  u n its  (28.4% ) th a n  in  co n v e n tio n a l fa rm s (9 .2% ). In  sem i-in d u stria l farm s 
th e  freq u en cy  of s to m ach  lesions show ed an  in te rm e d ia te  v a lu e  (17.2% ).
T herefo re , we can  s ta te  t h a t  a lth o u g h  oesophagogastric  u lcer o f pigs 
o ccu rs  in  p rac tica lly  all p ig  fa rm s o f  H u n g a ry , i t  causes th e  m ost severe eco­
n o m ic  losses in  la rge-scale  u n its  o p e ra tin g  in  an  in d u s tr ia l  sy stem . O n th e  
b as is  o f  our in v es tig a tio n s  th e  p rognosis p roposed  by  K ovács (1974) seem s no t 
to  b e  exaggera ted . N am ely , he e x p e c te d  th a t  th e  u lc e ra tiv e  fo rm  o f th e  syn ­
d ro m e  m ig h t reach  a n  av e rag e  inc idence  o f 20%  b y  1975-1976, an d  25%  b y  
1980, in  large-scale p ig  s tocks o p e ra tin g  in  an  in d u s tr ia l sy stem . T he p resen t 
a u th o rs  (Tam ás e t a l., 1977) fo u n d  th e  incidence o f such  lesions a t  23 .7%  in 
a  su rv e y  conducted  in  1976, an d  28 .4%  d u rin g  th e  p re se n t su rv ey .
R eferences
A d a m es te an u , C., B a b a , I . ,  V esa , S. a n d  R o ta ru , O. (1969): O b serva tions on  th e  oesophagogast­
ric  u lcer o f sw ine (in  R o u m an ian ). L ucr. S tiin tif ., Séria M ed. Y e t. Z ootechn . 25, 53—63.
A sd ru b a li, G. (1966): O b serv a tio n s on  th e  incidence of gastric  u lcer o f sw ine (in  I ta lian ). A rch. 
Y et. I ta l. 17, 455-462.
B a lo g h , T ., M agyar, É . a n d  P o sg ay , E . (1969):^ F ie ld  experiences w ith  g a s tr ic  ulcers o f pigs in  
co u n ty  Békés (in  H u n g a rian ). M agyar Á llato rvosok  L ap ja  24, (12) 637—638.
B a rzo ï, D ., B arn au re , G h., A lex an d ru , N. a n d  Stoicescu, E . (1968): D a ta  on  th e  incidence of 
oesophagogastric  u lce r o f sw ine in  ou r stocks (in  R o u m an ian ). R ev . Z ootechn. M ed. 
V et. 18, 59-68.
B u lla rd , J .  F . (1951): G astr ic  u lce r in  a  larg e  b o ar. J .  Am . V et. M ed. Assoc. 119, 129.
C u rtin , T . M., G oetsch, G. D . an d  H o llan d b eck , R . (1963): Clinical an d  pa th o lo g ica l ch a rac te ri­
zation  of e so p h agogastric  u lcers in  sw ine. J .  A m . V et. M ed. Assoc. 143, 854—859.
D o b o s-K ovács, M ., K a rd e v á n , A. an d  V etési, F . (1979): P a th o m o rp h o lo g ica l ex am in atio n s on  
th e  pa thogenesis o f th e  oesophageal-gastric  u lcer o f sw ine I .  P a th o lo g ica l and  h isto log i­
cal ex am inations (in  H u n g a rian ). M agyar Á llato rvosok  L ap ja  34 (10) 657-668.
K o v á cs , F . L . (1969): On th e  occurrence of sto m ach  u lcer in  p ig  stocks fed  on  in d u str ia lly  p ro ­
duced m ixed feeds (in  H u n g a rian ). M agyar Á llato rvosok  L ap ja  24 (7) 347-350.
K o v á cs , F . L . (1974): D a ta  on  oesophagogastric  u lcer of sw ine an d  possib le  m odes of its  p re ­
ven tio n  (in H u n g a rian ). T hesis, B u d ap es t.
K o v á cs , F . L. (1976): R e la tio n sh ip  b e tw een  some fa ilu res o f th e  closed industria l-sca le  pig 
m anagem en t an d  th e  incidence  of th e  pigs’ oesophageal u lce r (in  H u n g a rian ). M agyar 
Á llatorvosok L a p ja  31 (8) 525-528.
K ow alczy k , T ., H o e k s tra , W . G ., P u esto w , K . L ., S m ith , I. D. an d  G ru m m er, R . H . (1960): 
S tom ach  ulcers in  sw ine. J .  A m . V et. M ed. Assoc. 137, 339-344.
K o w alczyk , T ., M uggenburg , B . A . S m ith , R . W ., H o ek stra , W . G ., F ir s t ,  N . L . and  G rum m er, 
R . H . (1966): S to m ach  ulcers in  fa rrow ing  g ilts. J .  A m . V et. M ed. A ssoc. 148, 52—61.
M ilic, D ., L oncarevic, A ., S tok ié , Z ., S tan k o v ic , C., L evajic , D ., M ilinovic, M. an d  Pavlov ié , A . 
(1969): O bserv a tio n s on  th e  incidence and  aetio logy  of oesophagogastric  u lcer o f sw ine 
(in Serbian). V et. S a ra jev o  18, 313— 326.
M uggenburg , B. Á ., M cN u t, S. H . a n d  K ow alczyk , T . (1964): P a th o lo g y  o f g astric  ulcers in  
swine. Am. J .  V e t. R es. 25, 1354-1365.
N g u y en  T an-H ung  (1966): G astric  u lce r (in  F rench). T hesis, A lfort.
P e r ry ,  T . W ., Jim m en ez , A. A ., Sh ively , J .  E .,  C urtin , T . M., P ic k e tt ,  R . A. a n d  B eeson, W . M. 
(1963): Incidence  o f g astric  u lcers in  sw ine. Science, N ew  Y o rk , 139, 349—350.
R eese , N. A., M uggenburg , B. A ., K ow alczyk , T ., G rum m er, R . H . a n d  H o e k stra , W . G. (1966): 
N u tritio n a l an d  en v iro n m en ta l fac to rs  influencing g astric  u lcers in  sw ine. J .  A nim . Sei. 25, 
14-20.
R ik e r , J .  T ., P e rry , T . W ., P ic k e tt ,  R . A ., H eidenre ich , C. J .  an d  C u rtin , T . M. (1967): In fluence 
of contro lled  a m b ie n t te m p e ra tu re s  an d  d ie ts  on th e  incidence o f e sophagogastric  u lcers 
in  swine. J .  A nim . Sei. 26, 736-740.
R o th en b ach e r, J .  M ., N elson , L . W . an d  E llis, D. J .  (1963): T he s to m ach  u lce r-g as tro rrh a g ia  
syndrom e in  M ich igan  pigs. V et. M ed. 58, 806-816.
Acta Veterinaria Hungarica 31, 1983
R E L A T IV E  IN C ID E N C E  O F  O E S O P H A G O G A S T R IC  U L C E R  IN  P IG S 153
Sabec, D. and  S ch rö d er, J .  (1970): Feed q u a lity  a n d  th e  incidence of g astric  u lcer in  pigs (in  
G erm an). D tsch . T ie rärz tl. W schr. 77, 532-534.
Szabó, I .  and  Süveges, T . (1969): O esophageal u lce rs in  th e  s to m ach  of pigs I. L ite ra ry  d a ta  
an d  th e  a u th o rs ’ ow n o bservations (in  H u n g a rian ). M agyar Á lla to rvosok  L ap ja  24 (7) 
341-346.
T am ás, J .  and B okori, J .  (1979): On th e  aetio logy  of th e  oesophageal g astric  u lcer of sw ine I .  
T he incidence of th e  disease in  H u n g a ry  (in  H u n g a rian ). M ag y ar Á llato rvosok  L a p ja  
34 (10) 677-679.
T am ás, J . ,  B okori, J .  a n d  H egedűs, M. (1978): Use o f v ita m in  U in  feed ing  livestock  I I I .  O ccur­
rence of oesophageal u lcer o f sw ine in  re la tio n  w ith  th e  age, a n d  d e te rm in a tio n  of th e  
tim e  of g iving v ita m in  U (in H u n g a rian ). M agyar Á lla to rvosok  L a p ja  33 (8-9) 602-608.
T am ás, J . ,  P o rk o láb , L . an d  Ju h ász , J .  (1977): In c id en ce  of oesophageal u lce r in  swine sto ck s 
o f co u n ty  S zabo lcs-S za tm ár (in H u n g a rian ). M agyar Á lla to rvosok  L ap ja  32 (10) 6 1 5 -  
619.
3* Acta Y'eterinaria Hungarica 31,1983

Acta Veterinaria Hungarica 31 (4), pp. 155—163 (1983)
OESOPHAGOGASTRIC ULCER IN SWINE AND 
VITAMIN U
II. NATURE OF VITAMIN U
M. H egedűs, J .  Bokori and J .  Tamás
D e p a rtm e n t of A nim al N u tr itio n , U n iv e rsity  o f V e te rin a ry  Science, H -1400 B u d ap est, P . O.
B ox 2, H u n g a ry
(R eceived Ju n e  13, 1983)
T he d iscovery , iso la tio n , d is tr ib u tio n  in  n a tu re , m icrobiological a c tiv ity , b iosynthesis , 
physicochem ical p ro p e rtie s , to x ico -pharm aco logy  and  an a ly tica l m e th o d s for d e te rm in a tio n , 
of v ita m in  U  are ou tlined .
T he use o f v ita m in  U  in  th e  tre a tm e n t o f u lce ra tiv e  diseases an d  i ts  role in th e  tre a tm e n t 
o f th e  oesophagogastric  u lce r syndrom e of sw ine are  d iscussed .
K eyw ords. V itam in  U , tre a tm e n t, oesophagogastric  u lcer, pig.
S alts  o f m ethy lm eth ion ine-su lfon iuxn  w ere syn th esized  long  ago (Toennies 
and  K olb , 1945), b u t  th e y  d id  n o t a t t r a c t  a t te n tio n  u n til  th e y  w ere discovered 
in p la n ts  an d  u n til  i t  w as show n th a t  th e  th e ra p e u tic a l a n ti-u lc e r  effect of 
v eg e tab le  ju ices w as la rg e ly  co nd itioned  b y  th e  p resence o f th e se  com pounds 
w ith in  th em .
C heney (1940), w ho w as th e  f ir s t  to  d iscover th e  a n ti-u lc e r  effect o f 
ce rta in  food  p ro d u c ts  (vege tab le  ju ices), supposed  th a t  g a s tro d u o d en a l idcer 
was caused  b y  d efic iency  o f  a d e fin itiv e  n u tr i t io n a l fa c to r , w hich  he a ttr ib u te d  
to  th e  ca teg o ry  o f v ita m in s . T herefo re , sa lts  o f  m e th y lm e th io n in e  sulfonium  
h av e  b een  called  v ita m in  U  (from  th e  L a tin  u lcus) as p roposed  b y  Cheney.
M cR orie e t al. (1954a) es tab lish ed  th a t  th e  sp read  an d  th e rm o la b ility  of 
th e  m e th y lsu lfon ium  d e riv a tiv e  of m eth io n in e  co incided  w ith  those  of th e  
a n ti-u lce r  fa c to r  o f v eg e tab le s  w hich h a d  been  re p o rte d  b y  C heney . This gave 
th e  f in a l im p e tu s  to  te s tin g  syn thesized  sa lts  o f  m e th y lm eth io n in e -su lfo n iu m  
fo r an ti-u lce r p ro p e rtie s . B o th  e x p e rim e n ta l an d  clin ical s tu d ies  have  been 
co n d u cted . T he c ry s ta llin e  pow der m eth y lm eth io n in e -su lfo n iu m ch lo rid e  was 
found  to  be m ore th a n  th o u sa n d  tim es as ac tiv e  as th e  in it ia l  cabbage  ju ice 
itse lf.
Occurrence o f  v ita m in  U
V itam in  U is a w ide ly -sp read  co m p o n en t o f p la n t- tis su e s  th e  b iosynthesis 
of w hich  is m ed ia ted  b y  S -adenosy l-m eth ion ine . T he p resence  o f  v ita m in  U 
has been  estab lish ed  in  e x tra c ts  of a n u m b e r o f p la n ts  in c lu d in g  green  parsley , 
cabbage, tu rn ip , p ep p e r, c a rro ts , onions, le ttu c e , asp a rag u s , to m a to es , etc.
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W ong and  C arson  (1966) h a v e , fo r in stan ce , iso la te d  S -m ethy l-m eth io - 
n ine-su lfo n iu m  sa lt (SMM) from  fresh  to m a to es . T he id e n ti ty  o f th is  sa lt was 
p ro v e d  b y  in fra red  sp e c tra , m e ltin g  po in ts  and  p a p e r  ch ro m a to g ram s. The 
co m p o u n d  decom posed  to  y ield  h o m o serin e  and  d im e th y l su lfide . T he beh av io u r 
o f  th e  iso la ted  su lfo n iu m  sa lt an d  i ts  c o n c e n tra tio n  in  th e  to m a to  suggest 
t h a t  i t  is an  im p o r ta n t  p recu rso r o f  to m a to  a rom a as w ell. T h is  has been con­
f irm e d  by  M iers (1966).
C hallenger an d  H a y w a rd  (1954) d em o n stra ted  a m e th y lsu lfo n iu m  d e riv a ­
t iv e  o f m eth io n in e  in  a sp a rag u s.
In  H u n g a ry , B e rn d o rfe rn é -K ra sz n e r  e t al. (1976) d e m o n s tra te d  th e  occur­
re n c e  an d  d is tr ib u tio n  o f  v ita m in  U  in  some corn  h y b rid s . T hey  em phasized  
th e  ro le o f  v ita m in  U  in  a ro m a  fo rm a tio n  of corn . T e le g d y -K o v á ts  e t al. (1974) 
s tre ssed  th e  richness o f  H u n g a ria n  c u ltu ra l p lan ts  in  v ita m in  U.
M icrobiological a c tiv ity  o f  m ethylm eth ionine-su lfon ium  salts
T he d im eth y lsu lfo n iu m  d e riv a tiv e  o f m e th io n in e  can  rep lace m eth ion ine  
fo r  a v a r ie ty  o f m icro b es. T h is co m p o u n d  was fo u n d  to  be 3 tim es as ac tive  
as m eth io n in e  in  re v e rs in g  th e  to x ic i ty  of su lfan ilam ide  a n d  in  p ro m o tin g  th e  
g ro w th  of ce rta in  s tra in s  o f E scherich ia  coli, Lactobacillus arabinosus  and  L . 
casei (M cRorie e t  a l., 19546). Streptococcus faecalis  R  an d  Leuconostoc mesen- 
teroides P -60 do n o t  u tiliz e  th e  su lfon ium  d e riv a tiv e  o f m eth ion ine . T he 
en h an ced  a c tiv ity  o f  th e  m e th y lsu lfo n iu m  d e riv a tiv e  o f m e th io n in e  is m ore 
p ro n o u n ced  u n d e r co n d itio n s o f re s tr ic te d  s in g le -carb o n -u n it m etabolism .
G row th  resp o n ses  to  v a rio u s  m eth io n in e  analogues o f Lactobacillus p lan ta -  
rum  ATCC 8014 a re  d e m o n s tra te d  in  F ig . 1 (H egedűs e t a l., 1977a). T he effect
Optical density
Fig. 1. G row th responses to  various m eth io n in e  analogues o f Lactobacillus p lan tarum  ATCC 8014
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F ig . 2. G ro w th  responses to  MMSC (v ita m in  U ) o f d iffe ren t b ac teria  in  B acto  M eth ion ine assay
m edium  (D ifco)
of S -m e th y l-m eth io n in e  in  rep lac ing  m e th io n in e  in  n u tr ie n t m edia of d iffe ren t 
te s t  s tra in s  as show n b y  us is d isp lay ed  in  F ig . 2. T he sen s itiv ity  o f g ro w th  
response  o f  Lactobacillus p lan tarum  can  be enhanced  b y  ad d itio n  o f h o m o ­
cy ste in e  to  th e  a ssay  m edium  (Fig. 3). T h is can  be u tilized  for m icrobio logical 
assay  o f  v ita m in  U  (H egedűs, 1977).
A c ta  V e te r in a r ia  H u n g a r ic a  3 1 ,1 9 8 3
Fig. 3. E ffec t of add ition  of h o m ocyste ine  to MMSC (v itam in  U)
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B iosyn thesis o f  v ita m in  U and its biochemical role
T he b io sy n th esis  o f v ita m in  U ta k e s  p lace  from  m eth io n in e  w ith  th e  
m e d ia tio n  of S -adeno sy l-m eth io n in e  (F ig . 4) (S hap iro , 1956).
S -m eth y l-m eth io n in e  is a v e ry  ac tiv e  n a tu r a l  m e th y l donor because of 
its  ra p id  u tiliz a tio n . A co m bina tion  o f h o m o cy ste in e  and S -m eth y l-m eth io n in e  
rep laces  m e th io n in e  fo r  g row th  in  m an y  b a c te r ia , th u s  v ita m in  U tak es  p lace  
in  th e  b io syn thesis  o f m eth ion ine  from  ho m o cy ste in e  (D ure ll and  S tu r te v a n t, 
1957; Shapiro , 1955). T h is is d em o n stra ted  b y  th e  w ide d is tr ib u tio n  of S -m ethyl- 
m e th io n in e  and  S -ad en o sy l-m eth io n in e-h o m o cy ste in e  tran sm e th y la se  in  p la n ts  
(S hap iro  and  Y p h a n tis , 1959; T u rn e r an d  S h ap iro , 1961). T he m etabo lic  p a th ­
w ay s o f m eth io n in e  to  illu s tra te  these  re a c tio n s  are  show n in  F ig . 5.
CH3 CH3 CH3 CH3 ADENOSINE
1 1 \  / 1
ADENOSINE -  S + s s +1 S
CH2 ♦ CH2 *  CH2 CH2
1
CH2 CH2 CH 2 CH2
CH(NH2) CH(NH2) CH (NH2) CH(NH2)
COO' COOH COO' COOH
S -a d e n o s y l- M eth ion ine S -m e th y l- S -a d e n o s y l-
m eth ion ine m e th io n in e h o m o c y s te in e
s u lfo n iu m  s a lt
Fig. 4. B iosynthesis of v ita m in  U
Choline-»—*-(CH3)
























Fig. 5. M etabolic p a th w a y s  of m ethionine
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Physicochem ical properties and  toxico-pharm acology
T he m e ltin g  p o in t o f th e  c ry s ta llin e  p o w d er o f D L -m e th io n in e -m e th y l- 
su lfon ium -ch lo ride  (MMSC) is 139-140 °C; 1 g MMSC in 10 m l w a te r  gives a 
c lear colourless so lu tion . In  a d ry  s ta te  i t  is re la tiv e ly  s tab le , b u t d u rin g  long  
sto rage  o f u p  to  one y e a r  o r lo n g er i t  m ay  un d erg o  decom position  w ith  th e
Table I
T oxic ity  o f  m eth y lm eth io n in e-su lfo n iu m  sa lts  for mice
1 d ay 10 d ay s
A nion L D 50 p e r  os L D 50 p e r  os
(g /kg  b o d y  w eight) (g /k g  b o d y  w eight)
Chloride 8.9 8.4
Sulphate 6.7 6.7
ap p earan ce  o f  yellow  colour an d  th e  c h a ra c te r is tic  o d o u r o f d im eth y l su lfide . 
H igh  te m p e ra tu re  accelera tes th is  process. T he te s tin g  o f th e  s ta b ility  o f S- 
m e th y l-m e th io n in e  su lfon ium -ch lo ride in  th e  fo rm  o f a 10%  so lu tion  in d ic a te d  
d e s tru c tio n  a f te r  6 h  a t  37 °C; th e  r a te  o f  d eco m p o sitio n  w as 2%  in  w a te r , 
8%  in  0.02 N  HC1 and  11%  in g astric  ju ice  (B ersin  e t a l., 1956).
M ethy lsu lfon ium  sa lts  are  easily  fo rm ed  from  m eth io n in e  b y  p hospho- 
tu n g s tic  acid  (F lo y d  and L av ine , 1954). M ethy l, e th y l, p ro p y l and iso p ro p y l 
alcohols in  50%  (w/w) su lfuric  acid  re a c t w ith  m e th io n in e , an d  th e  co rresp o n d ­
ing su lfon ium  sa lts  are  read ily  fo rm ed  (L av ine  e t a l., 1954).
D ecom position  of th e  m e th io n in e -m eth y lsu lfo n iu m  ion  in  acid so lu tio n s 
y ie ld s m e th io n in e ; th e  ra te  and  e x te n t o f th e  re a c tio n  depends on th e  n a tu re  
of th e  acid  p re se n t. In  h o t n e u tra l  or a lka line  so lu tio n , d im e th y l su lfid e  is 
fo rm ed . S o lu tions o f m eth io n in e -m eth y lsu lfo n iu m  sa lts  can  be reg a rd ed  as 
re la tiv e ly  s tab le  a t  o rd in a ry  te m p e ra tu re s  a n d  even  a lk a lin e  so lu tions can  be 
d is tilled  in  v acu u m  w ith o u t decom position .
S alts o f m eth y lm eth io n in e -su lfo n iu m  a re  well to le ra te d  b y  an im als an d  
th e ir  le th a l doses are  v e ry  h igh . A ccord ing  to  d a ta  b y  B ersin  e t al. (1956) th e  
to x ic ity  o f m e th y lm eth io n in e -su lfo n iu m  sa lts  fo r  m ice w as as in d ica ted  in  
T ab le  I .
W ith  th e  h ig h est doses, e x p e rim e n ta l an im als  soon develop tra n s ie n t  
sy m p to m s, such  as d is tu rb an ces  in  co o rd in a tio n , b ro n ch ia l spasm  an d  a 
w eaken ing  o f re sp ira tio n .
T h e  acu te  to x ic ity  o f  m e th y lm eth io n in e -su lfo n iu m -ch lo rid e  w as d e te r ­
m ined  on a lb ino  m ice w eighing 17-22  g on i.v . in jec tio n s  o f  th e  p re p a ra tio n . 
T he D M T (dose o f  m ax im al to le ran ce ) o f th e  p re p a ra tio n  w as 2 g/kg b o d y  
w eigh t. L D S0 =  2.76 +  0.04 g /kg; L D 100 =  4 g/kg (B u k in  an d  A nisim ov, 1973). 
T hese re su lts  ascribe  v ita m in  U to  a s lig h tly  to x ic  com pound .
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T he p ic tu re  o f  po ison ing  o f  th e  e x p e rim e n ta l an im als w as expressed  in 
h ig h  re sp ira tio n  ra te  an d  a ta x ia . T he an im a ls  d ied  in  1-5  m in w ith  clonico- 
to n ic  convulsions.
R a b b its  an d  ra ts  w ere g iven  m u ltip le  in jec tio n s  of th e  p re p a ra tio n . In  
e x p e rim e n ta l an d  c o n tro l ra b b its  leu co cy tes , e ry th ro c y te s  a n d  th e  leucocy te  
c o u n t w ere in v e s tig a te d . T he re su lts  show ed no ev idence th a t  th e  m o rp h o ­
lo g ica l indices h av e  changed . P a th o m o rp h o lo g ic a l ex am in a tio n  a t  au to p sy  
rev e a le d  no d ev ia tio n s  from  th e  n o rm a l p ic tu re .
A n a ly tic a l methods fo r  v ita m in  U
M icrobiological d e te rm in a tio n  o f  v ita m in  U is based  on th e  m easu rem en t 
o f  m e th io n in e  a c tiv ity . T est o rgan ism s su ita b le  fo r d e te rm in a tio n  of m eth ion ine  
w ere  th ere fo re  ex am in ed  for a b ility  to  u tiliz e  MMSC fo r m eth io n in e  syn th esis  
in  m eth io n in e -d e fic ien t m edium . Lactobacillus p lan tarum  ATCC 8014 gave 
g ro w th  response to  MMSC, an d  th e  re sp o n se  could  be co n sid e rab ly  enhanced  
b y  a d d itio n  o f D L -hom ocyste ine  to  th e  m ed iu m . L . p la n ta ru m  ATCC 8014 in 
th e  presence o f MMSC tran sfo rm s h o m o cy ste in e  by  m eth y liz in g  i t  to  m e th io ­
n in e . T his m eth io n in e  a c tiv ity  is p ro p o r tio n a l w ith  th e  q u a n ti ty  o f S -m ethy l- 
m e th io n in e  su lfon ium -ch lo ride  an d  can  be  m easu red  b y  ad d in g  i t  to  m e th io ­
n in e-free  assay  m ed iu m  (H egedűs e t a l., 1977).
D e te rm in a tio n  of v ita m in  U  co n c e n tra tio n s  b y  au to m a tic  am ino  acid 
a n a ly se r  w as described  b y  S k o d ák  e t a l. (1965).
S ep ara tio n  o f MMSC b y  a tw o -d im en sio n a l th in -la y e r ion exchange 
c h ro m a to g ra p h y  on  “ F ix io n  5 0 x 8 “  p re c o a te d  ca tio n  ex ch an g er p la te s  (Chi- 
n o in , B u d ap est)  w as pu b lish ed  by  H eg ed ű s e t  al. (1977).
The use o f  vitam in  U in  the treatm ent o f  ulcerative diseases
Szabó an d  V arg h a  (1960) in v e s tig a te d  th e  e ffec t o f v ita m in  U (V it-U - 
P ep t-M ag en -D arm -T ab le tten ) on g as tr ic  u lcers caused  b y  ap p lica tio n  o f pheny l- 
qu ino lin e  carb o x y lic  ac id  (PCC) in  dogs. T h e  follow ing effects w ere observed: 
th e  fo rm a tio n  o f  erosions an d  g a s tr ic  u lcers in d u ced  b y  PCC w as in h ib ite d  
b y  v ita m in  U . V itam in  U in d u ced  ch an g es in  th e  g la n d u la r  ep ith e lia l cell 
la y e r : p a r ie ta l cells w ere fo u n d  sm alle r a n d  red u ced  in  n u m b e r, w hereas th e  
n u m b e r of ch ie f cells w as fo u n d  in c rea sed . T h is process m ay  be o f im p o rtan ce  
in  causing  chem ical a lte ra tio n s  in  g a s tr ic  secre tion . T he p ro d u c tio n  o f m ucus 
w hich  is genera lly  observed  in  th e  v ic in ity  o f u lcer w as red u ced  in  th e  s tom ach  
o f an im als t r e a te d  w ith  v ita m in  U , as co m p ared  w ith  con tro ls . E x p e rim en ts  
p erfo rm ed  w ith  in jec tio n  o f Chinese in k  show ed deposition  o f in k  in  u lcer and  
erosions to  be con sid erab ly  less if  PCC a n d  v ita m in  U h a d  been  ap p lied  s im u l­
tan eo u s ly  th a n  a f te r  sole ap p lica tio n  o f  PCC.
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B ersin  e t al. (1956), who s tu d ie d  th e  th e rap eu tic  effect o f  m ethy lm eth io - 
n ine-su lfon ium  sa lts , found  th a t  i t  in flu en ced  th e  in te s tin a l an d  liv er fu n c tio n  
fav o u rab ly . T he ap p lica tio n  o f MMSC in  th e  tre a tm e n t o f  u lc e ra tiv e  disease 
w as also fav o u rab le ; th e  daily  dose o f  th e  p rep a ra tio n  w as 250-300  m g, th e  
t r e a tm e n t  la s ted  35—90 days.
O b serv a tio n s are  ava ilab le  on th e  use o f v ita m in  U  in  p a tie n ts  w ith  
u lc e ra tiv e  disease u n d e r po lic lin ical cond itions. N a k am u ra  (1965) gave daily  
150 -450  m g v ita m in  U to  18 p a tie n ts  w ith  gastric  u lcer. S u b jec tiv e  sy m ptom s 
o f th e  disease passed  in  91%  o f cases.
T he sym p to m  o f th e  “ n ic h e “  d isap p eared  a f te r  an  average  o f  33 
d ay s  in  87%  o f cases. T hese re su lts  w ere  h ighly  p ro m ising  fo r  th e  t re a tm e n t 
o f  u lce ra tiv e  disease in  co m b in a tio n  w ith  acid -decreasing  an d  o th e r rem edies.
T he absence o f u n to w a rd  effects a f te r  the  use of v ita m in  U w as re m a rk ­
ab le . E x cep t for co m p la in ts  of an  u n u su a l odour (sm ell of cab b ag e) no u n to w ard  
effec ts  w ere n o ted . Som e au th o rs , h o w ev er, em phasize th a t  th e  tre a tm e n t of 
u lce ra tiv e  disease b y  th e  end  of th e  3 rd  w eek noted  com ple te  cessa tion  of th e  
ep ig as tr ic  pa ins as w ell as cessa tion  o f h e a r tb u rn , be lch ing , n a u se a  an d  coating  
o f  th e  to n g u e . These sym ptom s u su a lly  d isappeared  w ith in  th e  f ir s t  5 days. 
I n  p a tie n ts  w ith  u lce ra tiv e  disease ru n n in g  its  course in  c o m b in a tio n  w ith  
ch ron ic  h ep a to -ch o lecy stitis , g a s tro d u o d e n itis , colitis an d  th o se  w ith  a h is to ry  
o f  g astric  su rgery , th e  ab o v e-m en tio n ed  sym ptom s ceased la te r .
T he clin ical in v es tig a tio n s  h a v e  show n th a t  a t r e a tm e n t  w ith  v itam in  
U ta b le ts , 250-300  m g v ita m in /d a y  fo r 28—40 days re su lted  in  a considerab le  
am e lio ra tio n  in  th e  d iseased co n d itio n  viz. th e  pain  an d  th e  d y sp ep tic  sy n ­
drom es ceased; th e  m o to r, ac id -secreting  an d  secretory  fu n c tio n s  o f th e  stom ach  
an d  in te s tin e  no rm alized ; th e  en zy m a tic  functions of th e  liv e r  im p ro v ed ; th e  
“ n ich e“  sy m p to m  d isap p eared ; a n tih is ta m in e  and  a n tise ro to n in e  effects 
a p p e a re d  and  th e  p ro te in  sp ec tru m  o f th e  b lood  im proved .
C on cu rren t diseases, how ever, red u ced  th e  th e ra p e u tic  e ffec t of v itam in  
U. S ide effects (nausea , v o m itin g , en h an ced  pains) w ere e x trem e ly  ra re ly  
observ ed . In  such  cases, red u c tio n  o f th e  dose elim inated  th e  com plain ts .
T he role o f  v itam in  U in  the treatm ent o f  oesophagogastric ulcer syndrom e in  swine
P ep tic  u lcers in  th e  sto m ach  o f sw ine re s tric ted  to  th e  g lan d u la r  p a r t  
a re  ra re . O esophageal u lcer in  th e  oesophageal p a r t  o f th e  sw ine stom ach  
occurs m ore freq u en tly . T he freq u en cy  a n d  econom ic im p o rta n c e  o f th is  sy n ­
d rom e in  H u n g a ry  has been  o u tlin ed  b y  T am ás et al. (1983) (see th e  accom ­
p a n y in g  p ap er, p . 145).
D esp ite  th e  fac t th a t  a large n u m b e r o f pub lica tions deal w ith  th e  a e ti­
o logy o f th e  syndrom e, th e  e x a c t causes o f  oesophagogastric  u lce r are  n o t y e t 
k now n . Some o f th e  au th o rs  suggest t h a t  th e  oesophagogastric  u lcer syndrom e
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o f sw ine m ay  be cau sed  b y  severa l fac to rs  jo in tly  o r se p a ra te ly . The causes 
shou ld  be looked fo r in  fa tte n in g  an d  feed ing  te ch n o lo g y , in  th e  physica l 
s ta te , fo rm  and  co m p o sitio n  o f th e  feed  m ix tu re , an d  in  e x te rn a l env ironm en­
ta l  fa c to rs .
I t  is p robab le  t h a t  p re v e n tiv e  or th e ra p e u tic  a t te m p ts  considering on ly  
one o f these  fac to rs  do n o t  lead  to  u n eq u iv o ca l re su lts ; th e se  a tte m p ts  often  
lead  to  th e  c o n tra ry  o f  th e  desired  re su lts . The b e s t w ay  w o u ld  be the  use of 
an  a d d itiv e  in  th e  feed  m ix tu re s  to  p re v e n t or red u ce  th e  developm ent of 
oesophagogastric  u lce r  in  sw ine (H egedűs e t a l., 1977).
V itam in  U h as b e e n  th o u g h t to  be an  e ffec tive  a d d itiv e . W e in v estig a ted  
th e  p o ssib ility  o f p re v e n tin g  or h in d erin g  th e  d ev e lo p m en t o f oesophagogastric  
u lce r  b y  v itam in  U su p p le m e n ta tio n  o f c o n c e n tra te s .T h e  p ro d u c tio n  technol- 
ogy o f  prem ixes su p p le m e n te d  w ith  v ita m in  U has b een  p a te n te d  (H egedűs 
e t  a l., 1979).
A ccording to  o u r  experiences, su p p lem en ta tio n  o f  p ig  feeds w ith  v ita m in  
U  can  be sum m arized  as follows: (i) i t  reduces th e  o v e ra ll losses, (ii) p re v e n ts  
m ore  severe o eso p h ag o g astric  u lcers from  being  d ev e lo p ed , (iii) accelerates 
th e  re p a ra tio n  o f u lcers , a n d  (iv) increases th e  econom ic y ie ld  of fa tten in g  pigs.
D eta iled  in fo rm a tio n  w ill be p u b lished  in  fu tu re  p a p e rs .
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HAEMODYNAMIC RESPONSES TO EXPERIMENTAL 
SEPTIC SHOCK IN CALVES
P . N . S a h a y 1 an d  R . N. К о н ы 2
D e p artm en t o f V e terin ary  Surgery  and  R ad io logy , P u n ja b  A g ricu ltu ra l U n iv e rs ity , L u d h ian a
141004, In d ia
P resen t ad d ress : 'R a n c h i V e te rin a ry  College, R anch i-834007 , In d ia ;  2U n iv e rs ity  o f M aiduguri,
M aiduguri, N igeria.
(R eceived  J u ly  28, 1983)
In d u c tio n  of sep tic  shock  in  20 calves b y  s tran g u la tin g  a  seg m en t o f je ju n u m  elicited 
various h aem odynam ic  responses. H y p o d y n am ie  response d o m in a ted  (6 0 % ) o ver h y p e rd y n am ­
ic (15% ) a n d  m ixed  responses (2 5 % ). C ardiac o u tp u t  and  card iac  in d ex  decreased  a t  early  
an d  la te /te rm in a l shock stages in  h y p o d y n am ie , while th e  reverse  w as observed  in  h y p e r­
dynam ic . In  th e  m ixed g ro u p , th e re  w as increase  in  these p a ram e te rs  a t  e a rly  an d  decrease a t  
la te  shock stages. P rogressive rise  in  h e a r t  r a te  a n d  decline in  m ean  a r te r ia l  p ressu re  and  cen­
tra l  venous p ressure  co rre la ted  w ith  th e  d iffe ren t haem odynam ics. S tro k e  vo lum e and  to ta l  
p e rip h era l re sistan ce  decreased  a t  b o th  th e  early  a n d  th e  la te  shock  stag es , th o u g h  th e  m ag n i­
tu d e  of th e ir  decline v a ried  considerab ly  w ith  d ifferen t haem o d y n am ic  responses.
K eyw ords. H aem odynam ic  response, ex p erim en ta l sep tic  shock , calf.
S ep tic  shock is en co u n te red  fre q u e n tly  in  v e te r in a ry  p rac tice  in  a n um ber 
of cond itions in  w hich, due  to  sep ticaem ia , en d o to x in  is re leased . In  sp ite  of 
th e  in fo rm a tio n  ava ilab le  fo r sm all an im als  an d  h u m an  beings, th is  syndrom e 
rem ains p oo rly -defined  in  bov ine  species, w here v e ry  few  stud ies h av e  been 
conducted  so fa r  (S ingh an d  K ohli, 1980). M ost o f th e  e x p e rim e n ta l anim al 
m odels o f sep tic  shock h av e  in v o lv ed  in jec tio n  of b a c te r ia l en d o to x in  or live 
b ac te riu m  d irec tly  in to  th e  b lood  s tre a m  (G ahhos e t a l., 1981), b u t  th e  p ic tu re  
o f  shock p ro d u ced  in  th is  w ay  is m ark ed ly  v a r ia n t from  clin ical cases o f septic 
shock (P erb e llin i e t al., 1978).
In  th e  m an ag em en t o f shock , a llev ia tio n  of d is tu rb e d  c irc u la to ry  s ta te  
is one o f th e  m a jo r aim s. T issue perfusion  h igh ly  depends on  card iac  o u tp u t, 
its  d is tr ib u tio n  and  o th e r h aem o d y n am ic  p a ram e te rs  (K h o  an d  Shoem aker, 
1968). T he h aem odynam ic  aspects  o f shock  have  been  in v e s tig a te d  in  o ther 
species, b u t  n o t in  bovines. E x tra p o la tio n  o f d a ta  from  th e  o th e r  species would 
be m islead ing  as considerab le  species v a r ia tio n  in  m an ife s ta tio n  o f shock has 
been  re p o rte d  (T ikoff e t a l., 1966; S ingh an d  K ohli, 1980). T h e  p re se n t pap er 
rep o rts  th e  v a ria tio n s  observed  in  th e  haem o d y n am ic  responses a t  d ifferen t 
stages o f ex p erim en ta lly  in d u ced  sep tic  shock  in  calves.
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M aterials an d  m ethods
T his s tu d y  w as c o n d u c ted  on  20 clin ically  h e a lth y  cro ssb red  calves o f 1 
to  1.5 yea rs  age. B efore th e  e x p e rim e n ts  th e  an im als were fa s te d  o v ern ig h t. A fter 
secu rin g  th e  an im als c o m fo rta b ly  in  le f t la te ra l recu m b en cy , siliastic  ca th e te rs  
w ere  p laced , u n d er lo ca l an aes th es ia , in  th e  ca ro tid  a r te ry  a n d  th e  ju g u la r  
v e in  fo r record ing  m e a n  a r te r ia l  p ressu re  (MAP) a n d  c e n tra l venous pressure 
(C V P), respective ly . A th re e -w a y  s top -cock  w as a tta c h e d  to  th e  ca th e te rs  for 
fa c il i ta tin g  the  in je c tio n  o f dye an d  co llection  o f b lood  sam ples for card iac 
o u tp u t  (Q) m easu rem en ts . S eptic  shock  w as in d u ced  b y  s tra n g u la tin g  a 50-55 
cm  segm ent of je ju n u m  b y  th e  te c h n iq u e  p u b lish ed  fro m  th is  la b o ra to ry  
(S in g h  an d  K ohli, 1980).
C ardiac o u tp u t  w as m easu red  using  E v an s  b lue  d y e  (T -1824) b y  th e  
te c h n iq u e  of S tow e a n d  G ood (1960), ex cep t th a t  th e  a r te r ia l  b lood  sam ples 
w ere  collected fro m  th e  c a ro tid  a r te ry . I t  w as ca lcu la ted  accord ing  to  th e  
fo rm u la :
60 X A
Q = TxCx(l-H) ’
w h ere  Q =  card iac  o u tp u t  in  l i tre /m in ; A =  th e  a m o u n t o f  dye  in jec ted , in  
m g ; T  =  th e  tim e  in  seconds b e tw een  th e  f ir s t  ap p ea ran ce  o f th e  dye an d  its  
reap p ea ran ce  fo llow ing  re c irc u la tio n ; C =  th e  average  c o n cen tra tio n  of dye 
in  mg/1 of p lasm a, a n d  H  =  th e  h a e m a to c rit va lue .
Q was also c a lc u la ted  for k g  b o d y  w eight, i.e . m l/m in /kg . C ardiac index  
(Q /body  surface, m 2) w as ca lcu la ted  as th e  p ro d u c t o f Q l/m in  an d  body  surface 
a rea . The la t te r  w as m easu red  b y  M eeh’s fo rm ula ;
A =  K x W 2/3,
w h ere  A =  b o d y  su rface  a rea ; К  =  a c o n s ta n t fa c to r , 0.015 fo r calves; an d  
W  =  w eight o f th e  an im al.
S troke vo lum e w as m easu red  as a p ro d u c t o f Q /m l/m in  an d  h e a r t ra te /m in . 
T o ta l periphera l re s is tan ce  (T P R ) w as ca lcu la ted  acco rd in g  to  th e  fo rm ula:
M A P m m H g
T P R  = -------------------—
Q /m l/k g /m in
a n d  expressed in  p e r ip h e ra l re s is tan ce  u n its  (P R U ).
The M AP w as m easu red  in  a m ercu ry  m a n o m e te r  w hile  CVP w as recorded  
a g a in s t a v e rtic a l sa lin e  co lum n. H e a rt ra te  (H R ) w as reco rded  from  a card iac  
te le m e te r  w ith  b a se  ap ex  lead s. T hese w ere m o n ito red  a t  sh o rt in te rv a ls  till 
te rm in a tio n  o f th e  ex p erim en ts .
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T he s tab iliz ed  p resh o ck  value o f each  p a ra m e te r  served  as n o rm al co n tro l 
(stage 0). S ince su rv iv a l tim e  of in d iv id u a l an im als  fo llow ing shock v a ried  
w idely , th e  tim e  e lapsing  betw een  in d u c tio n  o f  shock  and  d e a th  w as d iv ided  
in to  fiv e  s tages o f  e q u a l d u ra tio n  (stages 1 to  5). I n  th e  follow ing, th e  designa­
tio n  ea rly  shock  s ta g e  in d ica tes  s tag e  2 a n d  te rm in a l shock stage  in d ica te s  
stage  5. S ta tis t ic a l  an a ly sis  of d a ta  w as done w ith  one-w ay  analysis  o f v a rian ce , 
and  fo r stagew ise  an a ly sis  S tu d e n t’s t te s t  w as em ployed .
Results
T here  w ere v a r ia tio n s  in  th e  h aem o d y n am ic  responses a fte r  in d u c tio n  o f 
sep tic  shock . T w elve an im als  m an ifested  h y p o k in e tic  haem odynam ics in  w hich  
card iac  o u tp u t an d  th e  re la te d  p a ra m e te rs  d ecreased  th ro u g h o u t th e  period  
of s tu d y . C o n tra ry  to  th is , th ree  an im als e x h ib ite d  a h y p e rk in e tic  fe a tu re  w ith  
an  increase in  th e  ca rd ia c  o u tp u t. In  th e  re m a in in g  five  an im als card iac  o u tp u t  
ex h ib ited  m ixed  d y n am ics , i.e. i t  w as h y p e rk in e tic  a t  ea rly  shock stages 
follow ed b y  h y p o k in e tic  dynam ics a t  la te  s tages. T he average su rv iv a l tim e  
a fte r  in d u c tio n  o f shock  in  th e  h y p o k in e tic , h y p e rk in e tic  an d  m ixed g roup  w as 
22, 27 an d  29 h , re sp ec tiv e ly . M ean v alues +  SE  o f d iffe ren t p a ra m e te rs  are  
p resen ted  in  T ab le  I .
(A) H y p o d y n am ie  response: A verage ca rd ia c  o u tp u t (m l/kg/m in) and  
card iac  in d ex  decreased  s ign ifican tly  (P  <  0.05) an d  h igh ly  s ig n ifican tly  
(P  <  0.01) a t  th e  ea rly  an d  th e  te rm in a l s tag es , re sp ec tiv e ly . S troke  vo lum e 
exh ib ited  a fa ll a t  b o th  th e  stages (T able I) . T P R  show ed a sligh t ten d en cy  o f 
fall in  th e  ea rly  shock  s tag e , ex cep t fo r  th re e  an im als, w hich  ex h ib ited  an  
increase a t  th e  ea rly  s ta g e . C on trarily , in  th e  la te  shock  s tage  th e  fall in  T P R  
was s ta tis tic a lly  s ig n if ican t an d  un ifo rm  in  a ll th e  an im als. The H R  show ed a 
co nsisten t an d  p rogressive  increase, w hereas M A P ex h ib ited  a g rad u a l fa ll. 
T he m ean  values o f CYP declined g rad u a lly . A ll th e se  overall v a ria tio n s  w ere 
highly  sig n ifican t (P  <  0.01).
(B) H y p e rd y n a m ic  response: A verage ca rd ia c  o u tp u t increased  from  
9.471/m in to  10.62 1/min an d  11.64 1/min in  th e  e a rly  an d  te rm in a l shock stage , 
respective ly . C ardiac in d e x  m an ifested  s im ila r rises  a t  b o th  stages. S troke  
volum e ex h ib ited  a fa ll b u t  o f lesser m a g n itu d e  th a n  in  h y p ok ine tic  shock. 
The fall in  th e  T P R  w as appreciab le  a t  b o th  s tag es  an d  th e  m an ifesta tio n s o f 
H R , M AP an d  CVP d iffered  w idely in m a g n itu d e  (T able  I) com pared  w ith  th e  
h y p ok ine tic  group .
(C) C om bina tion  o f hypo- and  h y p e rd y n a m ic  response: C ardiac o u tp u t 
ex h ib ited  a m ixed  p a t te rn  o f k ine tic  fu n c tio n . I n  th e se  an im als Q was h y p e r­
k inetic  a t  th e  ea rly  shock  stages and  h y p o k in e tic  a t  th e  la te /te rm in a l stages. 
S troke  volum e declined  u n ifo rm ly , ex cep t in  one an im al, in  w hich follow ing
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Table I
M ean ± S E  of haem o d y n am ic  p a ram e te rs  in  h y p o k in e tic  (A), h y p erk in e tic  (B ) a n d  
co m b in a tio n  o f hypo- and  h y p e rk in e tic  (C) sep tic  shock in  calves
P a ram e te r
S tages of shock
0 1 2 3 4 5
M A P, H gm m
A 122.4 116.0 100.0 98.0 85.8 68.0
± 3 .1 ± 3 .6 ± 2 .7 ± 2 .9 ± 3 .7 ± 3 .9
В 120.0 111.6 105.3 99.6 87.6 80.0
± 6 . 8 ± 6 .3 ± 7 .5 ± 8 . 2 ± 3 .9 ± 8 .9
C 116.4 106.2 99.0 95.0 86.6 60.0
± 4 .1 ± 5 .3 ± 5 .0 ± 6 .5 ± 5 .0 ± 6 . 1
CVP, cm  H 20
A 6.3 5.3 4.2 1.0 — 0.70 — 2.3
± 0 .7 2 ± 0 .9 8 ± 1 .0 6 ± 0 .5 2 ± 0 .2 9 ± 0 .2 4
В 6.1 5.6 3.0 1.06 0.93 0.76
± 1 .2 6 ± 1 .7 0 ± 0 . 8 6 ± 0 .0 6 ± 0 .7 ± 1 .1 3
c 4.5 3.1 0.90 — 0.30 — 0.06 — 1.80
± 0 .4 3 ± 0 .5 6 ± 0 .7 7 ± 0 .9 7 ± 1 .0 4 ± 1 .4 0
H e a r t  ra te
A 62 72 80 95 103 128
± 2 . 1 ± 4 .9 ± 4 .6 ± 6 .7 ± 7 .7 ± 1 1 . 0
В 65 69 78 89 94 120
± 2 .4 ± 4 .8 ± 6 . 1 ± 2 . 1 ± 6 .3 ± 1 5 .3
C 68 82 103 118 118 138
± 5 .9 ± 5 .1 ± 4 .3 ± 5 .8 ± 8 .8 ± 4 .0
C ardiac o u tp u t, 1/m in
A 10.60 9.85 9.20 8.61 8.32 8.01
± 0 .4 5 ± 0 .5 1 ± 0 .3 5 ± 0 .3 4 ± 0 .3 5 ± 0 .3 3
В 9.47 10.04 10.62 11.13 11.38 11.64
± 0 .9 7 ± 1 . 2 1 ± 1 .4 7 ± 1 .2 9 ± 1 .3 7 ± 1 .4 8
C 11.6 11.71 12.70 11.58 11.01 10.44
± 1 . 6 6 ± 1 . 1 0 ± 1 . 1 0 ± 0 .9 6 ± 1 .5 7 ± 2 . 2 0
C ardiac o u tp u t, m l/kg /m in
A 115.30 108.1 99.6 93.7 90.8 87.7
± 2 .9 ± 3 .4 ± 4 .0 ± 3 .6 ± 3 .7 ± 3 .4
В 111.4 118.7 124.2 130.5 134.2 137.0
± 7 .5 ± 7 .9 ± 9 .6 ± 1 1 . 2 ± 1 2 .3 ± 1 4 .1
C 115.0 117.0 125.8 115.6 108.8 102.0
± 1 3 .7 ± 1 0 . 2 ± 1 1 .3 ±  4.9 ± 1 0 . 6 ± 1 9 .2
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Table I  continued
P a ram e te r
Stages o f  shock
0 1 2 3 4 5
C ardiac index, 1/m in/m 2
A 5.00 4.64 4.33 40.6 3.92 3.77
± 0 .1 3 ± 0 .1 5 ± 0 .1 4 ± 0 .1 6 ± 0 .1 2 ± 0 .1 1
В 4.79 5.08 5.37 5.62 5.75 5.89
± 0 .2 8 ± 0 .3 0 ± 0 .3 1 ± 0 .2 9 ± 0 .3 1 ± 0 .4
C 5.00 5.04 5.47 4.99 4.74 4.5
± 0 .6 3 ± 0 .4 5 ± 0 .4 5 ± 0 .3 1 ± 0 .5 0 ± 0 .7 1
Stroke  volum e, m l/b eat
A 170.9 136.8 115.0 90.6 80.8 62.6
± 8 .2 ± 7 .6 ± 8 .1 ± 9 .1 ± 7 .7 ± 6 .5
В 145.6 145.5 136.1 125.0 121.1 97.0
± 1 8 .2 ± 1 9 .1 ± 1 6 .3 ± 1 2 .4 ± 1 0 .6 ± 1 0 .3
c 170.5 142.8 123.3 98.1 93.3 75.6
± 2 5 .2 ± 2 1 .4 ± 1 7 .6 ± 9 .9 ± 1 6 .3 ± 1 3 .2
Peripheral resistance
A 1.06 1.06 1.00 1.04 0.94 0.77
± 0 .0 4 ± 0 .0 3 ± 0 .0 5 ± 0 .0 6 ± 0 .0 3 ± 0 .0 3
В 1.07 0.94 0.85 0.76 0.65 0.58
± 0 .1 2 ± 0 .1 3 ± 0 .1 2 ± 0 .1 2 ± 0 .1 4 ± 0 .1 2
C 1.01 0.91 0.79 0.82 0.79 0.62
± 0 .1 3 ± 0 .0 9 ± 0 .0 8 ± 0 .0 8 ± 0 .0 8 ± 0 .0 6
su b s ta n tia l decrease a t  e a rly  shock, i t  ap p ro x im a te d  th e  p resh o ck  level. T here 
w as a n o n -sig n ifican t fa ll in  T P R . T he o v era ll v a ria tio n s  in  th e  H R , M AP an d  
CVP w ere s ta tis tic a lly  h ig h ly  sig n ifican t (P  <  0.01) an d  th e  m a g n itu d e  differed 
from  th e  prev ious tw o  g roups (T able  I) .
D iscussion
I t  has been conv incing ly  d e m o n s tra te d  th a t  sep tic  shock  can be induced  
ex p erim en ta lly  b y  s tra n g u la tin g  a segm en t o f bow el (S ingh  a n d  K ohli, 1980). 
T h e  sep tic  shock th u s  in d u ced  in  th e  p re se n t s tu d y  e lic ited  hyp o k in e tic  or 
h y p e rk in e tic  h aem o d y n am ics. In  m an , th e  card iac  in d ex  in  early  sep tic  shock 
w as found  to  be in c rea sed  or no rm al in  th e  m a jo rity  o f th e  cases (L illehei, 
1971), and  in  dogs h y p e rk in e tic  shock p red o m in a te s  (P e rb e llin i e t ah , 1978). 
In  c o n tra s t, in  th e  calves o f th e  p re se n t s tu d y  h y p o k in e tic  sep tic  shock was 
p re se n t in  60%  w hile h y p e rk in e tic  in  o n ly  15% . In  th e  rem ain in g  25%  a
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co m b in a tio n  o f b o th  w as observed . T hese  d ifferences in  th e  m an ifesta tio n  of 
sep tic  shock suggest s tr ik in g  species v a r ia tio n . T he average  su rv iv a l tim e a f te r  
in d u c tio n  of shock  sugg ests  th a t  th e  h y p o d y n am ie  s ta te  o f  sep tic  shock w as 
m ore  d e tr im e n ta l to  ca lves th a n  th e  h y p e rd y n a m ic  resp o n se . T h is is c o n tra ry  
to  th e  find ings in  m a n , w here a h y p e rk in e tic  c ircu la tio n  asso c ia ted  w ith  h y p o ­
te n s io n  w as fo u n d  to  be  m ore d e tr im e n ta l (Cohn e t a l., 1968). H ow ever, a 
lo n g e r su rv iv a l tim e  h as  also been  o b serv ed  in  dogs w ith  h y p e rk in e tic  sep tic  
shock  (P erb e llin i e t  a l., 1978). T h e  lo n g e s t su rv iv a l tim e  in  th e  calves w ith  
co m b in a tio n  o f low  a n d  h igh  flow  s ta te s  is p oo rly  ex p la in ed  on  th e  basis o f 
th e  re su lts  o b ta in e d . I t  is possib le t h a t  th e  beneficial effec ts ren d ered  b y  h igh  
flow  s ta te , due to  h y p e rd y n a m ic  response , took  a c o m p a ra tiv e ly  lo n g er tim e  
to  be  offset b y  th e  su b se q u e n t h y p o d y n a m ie  c ircu la tio n .
T he p ro g ressive  rise in  th e  H R  a t  th e  te rm in a l s ta g e  in  h y p erk in e tic  
sh o ck  (87.5% ) w as con sid erab ly  less w hen  co m p ared  to  th e  h y p o k in e tic  
(106 .5% ) an d  m ix ed  shock  (102 .9% ). T h is v a r ia tio n  in  ta c h y c a rd ia  was p ro b ­
ab ly  th e  f irs t  d e te rm in a n t w hich a ffec ted  th e  h aem o d y n am ic  responses in th e  
th re e  form s o f shock . T he v a ry in g  in te n s i ty  of ta c h y c a rd ia  in  th e  th ree  form s 
o f  shock  could  be w ell re la te d  to  th e  degree o f h y p o ten sio n  w h ich  w as m ax im um  
(48 .5% ) in  th e  m ix ed  group , fo llow ed  b y  th e  h y p o k in e tic  (44 .4% ) an d  th e  
h y p e rk in e tic  (33 .3% ) groups a t  th e  te rm in a l s tage . T he fa ll in  CYP in th e  
m ix ed  (140% ), h y p o k in e tic  (136 .5% ) an d  h y p e rk in e tic  (87 .5% ) groups also 
c o rre la ted  w ith  th e  degree of h y p o te n s io n  an d  th e  changes in  card iac o u tp u t. 
T h e  re la tio n sh ip  o f  Q w ith  v a ry in g  a m o u n ts  of venous r e tu rn , re flec ted  b y  
CY P, has been  e s ta b lish e d  (G u y to n , 1955). The CVP is th e  m o st con v en ien t 
a n d  m ost re liab le  in d e x  of th e  c irc u la tin g  blood vo lum e (H a m it, 1965) a n d  it 
g ives a b e tte r  ju d g e m e n t of th e  p re v a ilin g  s ta tu s  o f th e  shock  as well as a clear 
p ic tu re  o f h aem o d y n am ic  a lte ra tio n s  (W ilson e t a l., 1971). O n th e  basis o f th is  
s tu d y , i t  is p ro p o sed  th a t  a g re a te r  decline in  CVP in  face  o f  sign ifican t h y p o ­
te n s io n  shou ld  m a rk e d ly  reduce  th e  ven o u s re tu rn  an d  th u s  a ffec t th e  w ork ing  
c a p a c ity  of th e  h e a r t .  A decrease in  th e  card iac  o u tp u t ta k e s  p lace if  th e  H R  
is increased  s ig n if ic a n tly  in  th e  p resence  o f decreasing  a tr ia l  p ressu re  (Sugim oto  
e t  a l., 1966). T h is re su lts  in  an  im p a ire d  v e n tr ic u la r  fillin g  an d  a d im in ished  
systo lic  e jec tio n . F u r th e r ,  th e re  is a  lin e a r  re la tio n sh ip  b e tw een  pressure and  
flow  ra te s  in  th e  system ic  c irc u la tio n  (R ead  e t a l., 1957). T herefore, in  th e  
p re se n t s tu d y  th e  m ark ed ly  in c rea sed  H R , along w ith  g re a te r  h y p o ten sio n  
an d  sign ifican t dec line  in  CVP, w as th e  ch ief cause o f  decrease  in  card iac  o u tp u t  
in  h y p o d y n am ie  sep tic  shock. S ince card iac  in d ex  is a n  exp ression  of Q in  
re la tio n  to  b o d y  su rface  a rea , th e  fo rm e r declined  in  tu n e  w ith  Q 1/min. S tro k e  
v o lu m e, on th e  c o n tra ry , is in v e rse ly  re la te d  to  H R  fo r  a g iven vo lum e of 
b lood  e jec ted  in  a u n i t  o f tim e . T h e  g rea te r  increase in  H R  coupled  w ith  fall 
in  Q was th e  cause  o f  h igher d ecrease  (58% ) in  s tro k e  vo lu m e in  th e  la te  shock  
s tag es  th a n  in  th e  ea rly  stages (41% ).
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In creased  ca rd iac  o u tp u t in  th e  ea rly  stages o f h y p e rk in e tic  septic shock 
in  m an  has been  a t t r ib u te d  to  d irec t effects o f b a c te r ia l  en d o to x in , h y p e r­
th e rm ia  and  in c reased  b o d y  m etab o lism , w hile in  th e  m id d le  an d  la te  stages 
i t  is due to  p u lm o n a ry  insuffic iency , p u lm o n a ry  ven o u s a d m ix tu re , acidosis, 
e tc . (S hoem aker e t a l., 1970). A p a rt from  th e  possib le  d ire c t en d o to x in  effect, 
no such  co rre la tions cou ld  be d raw n  fo r  th e  calves o f th e  p re se n t s tu d y . T here  
w as no evidence o f  ap p rec iab le  p y re x ia  in  e ith e r  o f th e  g ro u p s and , since 0 2 
co n sum ption  fell in  a m a jo r ity  o f  th e  an im als, in c reased  b a sa l m etabolic  ra te  
c a n n o t be s ta te d  to  b e  th e  cause o f  increased  Q. S im ila rly , acid—base s ta tu s  
d id  n o t co rre la te  w ith  Q (S ah ay , 1982). On th e  basis o f  th e se  find ings i t  is 
p o s tu la te d  th a t  an  in crease  in  H R  w ith in  reasonab le  lim its  coup led  w ith  lesser 
fa ll in  CYP an d  M A P affec ted  an  in creased  Q in  h y p e rd y n a m ic  shock an d  in  
th e  h y p erd y n am ic  p h ase  o f m ixed  shock.
T P R  is be lieved  to  be inverse ly  re la te d  to  Q. In c re a se d  T P R  has been  
observed  in  dog an d  m a n  w ith  decreasing  Q (P erbellin i e t a l., 1978; S hoem aker 
e t a l., 1970) an d  v ice v ersa . On th e  c o n tra ry , in  th e  p re se n t s tu d y , decrease 
in  T P R  was a co n sis ten t fea tu re  of ea rly  an d  la te /te rm in a l s tag es  in  h y p ok ine tic  
(7 .5%  an d  26 .2% ), h y p e rk in e tic  (23 .1% , 43 .5% ) an d  m ixed  shock (16.8% , 
36 .5% ). H ow ever, decreased  p e rip h era l res is tan ce  in  low  flow  s ta te  has been  
observed  in  calves (T ikoff e t al., 1966) as well as in  m onkeys (H inshaw  e t al., 
1966) follow ing e n d o to x in  ad m in is tra tio n . Low  Q w ith  decrease  in  T P R  w as 
also observed  in  buffa lo  calves follow ing haem o rrh ag ic  shock  desp ite  increased  
ca techo lam ine  levels (M irak h u r e t al., 1982). I t  is p ro b ab le  t h a t  in  bovines, 
th o u g h  catecholam ines are  re leased  in  response to  stress , th e ir  e ffect is m asked  
b y  v aso d ila tin g  su b stan ces . F u rth e r , v a scu la r changes in  th e  in d iv id u a l organs 
m ig h t also be d iffe ren t an d  these  m ig h t occur in  opp o site  d irec tio n  in  th e  
in d iv id u a l organs b u t  w ith  overw helm ing  effect o f v a so d ila tio n  (H inshaw  e t al., 
1966). D irec t m easu rem en t of v ascu la r res is tan ce  o f in d iv id u a l organs m ay 
p rov ide  explicit ex p la n a tio n  in  th is  reg ard .
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REPRODUCTIVE DISORDERS CAUSED RY 
TRICHOTHECENE MYCOTOXINS IN A 
LARGE-SCALE PIG HERD
R .  G l á v i t s , G a b r i e l l a  S .  S á n d o r , A . V á n y i  a n d  G y . G a j d á c s
C en tra l V e terin ary  In s t i tu te ,  H -1149 B u d ap es t, T áb o rn o k  u . 2, H u n g a ry  
(R eceived  M ay 18, 1983)
In  a large-scale pig h e rd , in fe r tility  o ccu rred  in  n early  40%  of b o th  th e  g ilts  a n d  th e  
p lu rip a ro u s sows in  a certa in  year. T rich o th ecen e  m ycotox ins (T-2, H T -2) were d e tec ted  in  th e ir  
feedstu ffs  in  q u a n titie s  o f 1-2 m g/kg o f feed  o n  several occasions d u rin g  th is  period . T he d e te c ­
tio n  of these  m yco tox ins in th e  feed co incided  w ith  th e  period of in fe r tility .
P a th o lo g ica l, h istopatho log ical a n d  u l tra s tru c tu ra l  in v es tig a tio n s  rev ea led  m u ltip le x  
cystic  d eg en era tio n  of th e  ovary , som e signs in d ica tiv e  o f a p ro longed  absence of o v u la tio n , 
an d  th e  a tro p h y  an d  lack  of a c tiv ity  o f th e  u te ru s  and  en dom etrium . O th e r h isto log ical f in d ­
ings in c lu d ed  h y p e rtro p h y  of th e  zona fa sc ic u la ta  in  th e  co rtex  of th e  a d ren a l g land  a n d  h y p e r­
fu n c tio n  o f th e  th y ro id  gland. No p a th o lo g ica l changes were found  in  o th e r  organs.
T h e  sam e organs of h ea lth y  sows o f 80, 110, 1 4 0 ,1 8 0 ,1 9 5 , 210 d ay s of age or o lder served  
as con tro l.
K eyw ords. R eproductive  d iso rder, p ig , tricho thecene , m yco tox in .
T h e fu sa rio to x in  zearalenone a c ts  p rim arily  on th e  re p ro d u c tiv e  organs. 
F irs t i t  w as found  to  induce o ed em ato u s  swelling o f th e  v u lv a , vag in a , u te ru s  
an d  n ipp les (oestrogen  syndrom e) in  fem ale anim als. L a te r  zeara lenone w as 
show n to  cause also h is topa tho log ica l changes in  th e  en d o m etriu m  an d  ovaries, 
lesions w hich  m ay  im pair re p ro d u c tiv e  a c tiv ity . This effect o f zeara lenone has 
been  s tu d ie d  ex tensively  b y  H u n g a ria n  investig a to rs  (P a ly u sik , 1973; V ány i 
e t al., 1973, 1974). Z eara lenone-induced  dam ages of th e  rep ro d u c tiv e  organs 
have  been  p ro v ed  ex p erim en ta lly  to  occur also in  m ale an im als (V ányi an d  
Széky, 1980). W ith  th e  excep tion  o f th e  dom estic hen  (G allus dom esticus), 
all dom estic  an im al species, and  also m an , w ere found  to  be sensitive  to  th is  
to x in  (V ányi an d  R om váry , 1974). T h e  effects o f tr ich o th ecen e  fu sa rio to x in s  
on th e  rep ro d u c tiv e  organs are  less know n .
E x p e rim e n ta l evidence an d  o b se rv a tio n s  m ade in  fie ld  cases in d ica te  
th a t  tr ich o th ecen e  tox ins cause a s ig n if ican t drop in  th e  egg p ro d u c tio n  o f 
d iffe ren t p o u ltry  species (chicken, goose, duck) (Ványi e t a l., 1980). T he to x in  
an d  its  to x ic  m etab o lite  can  be fo u n d  also  in  th e  egg an d  m ay  cause in fe r ti l i ty  
or em bryon ic  d e a th  during  in c u b a tio n  (V ány i an d  G ajdács, 1983). T he m ech a­
nism  o f th e  effect ex erted  on egg p ro d u c tio n  is obscure. H u n g a ria n  a u th o rs  
(P a ly u sik  an d  K oplik -K ovács, 1975) o bserved  an  a tro p h y  o f th e  o v a ry  an d  
o v id u c t in  geese.
V o lin tir  e t al. (1971) e s tab lish ed  a causal re la tio n sh ip  b e tw een  fie ld  
cases o f in fe r tility  in  brood-sow s a n d  th e  feeding of feedstu ffs  c o n ta m in a te d
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w ith  th e  fungus F u sa r iu m  sporotrichioides. T he  lesions ap p ea rin g  in  th e  u te ru s  
a n d  o v a ry  of sows w ere s tu d ie d  by  H u n g a ria n  an d  A m erican  au th o rs  (P alyusik  
e t a h , 1981). T hey fo u n d  th a t  T -2  to x in , as opposed  to  zearalenone, induced  
m a rk e d  a tro p h y  of b o th  th e  ovaries and  th e  u te ru s . The tw o  to x in s  of d ifferen t 
ch em ica l s tru c tu re  p a r t ly  reduce (oestrogen  sy m ptom s), p a r tly  enhance 
(d am ag e  of the  o v a ry ) th e  biological effect o f each  o th er.
M aterials and  m ethods
D etection o f  trichothecene m ycotoxins
T he feed o f g ilts  a n d  sows, an d  th e  d ried  corn  an d  w h e a t used fo r i ts  
fo rm u la tio n  were e x a m in e d  period ically . F o r  th e  d e tec tio n  a n d  id en tifica tio n  
o f  trich o th ecen e  fu sa rio to x in s  by  th in - la y e r  c h ro m a to g ra p h y , th e  m ethods 
d esc rib ed  by  S ta h r (1975) and  T a k ita n i e t al. (1979) w ere used . C apillary  gas 
ch ro m a to g rap h y  w as p erfo rm ed  by  using  th e  sim u ltan eo u s m u ltim y co to x in  
d e te c tio n  m ethod  d ev e lo p ed  in  our I n s t i tu te  (V ányi e t al., 1981).
H istological exam ina tion
Sam ples w ere t a k e n  from  5 sows cu lled  from  th e  ex am in ed  herd  due to  
in fe r ti l i ty , and from  a  to ta l  of 12 gilts g iven  th e  sam e feed ing  (2 gilts each o f 
25 , 35, 55, 65, 85 a n d  110 kg body  m ass w ere sam pled). T he g ilts were k illed  
b y  b leed ing , and  sa m p le s  of ap p ro p ria te  size w ere ta k e n  from  b o th  ovaries, 
th e  o v id u c t, th e  u te r in e  horn , th e  b o d y  o f th e  u te ru s , th e  vag in a  and  th e  
a d re n a l and  th y ro id  g lands. The sam ples w ere fix ed  in  5%  form alin  an d  
em b ed d ed  in p a ra ff in . F o r  general ex am in a tio n , th e  sections w ere sta ined  w ith  
h aem a to x y lin  an d  eosin . The re ticu la r  fib res  o f m ucous m em branes w ere 
s ta in e d  w ith  A zan ’s s ta in , while th e  sec re to ry  a c tiv ity  o f th e ir  glands w as 
fo llow ed by  th e  p e rio d ic  ac id -S ch iff (PA S) an d  th e  a ld eh y d e—b isu lfid e -to lu id in e  
b lu e  (ABT) reac tio n s a n d  exam ina tion  u n d e r p o la riza tio n  m icroscope follow ing 
th e  la t te r .  The lip id  c o n te n t of th e  ad ren a l co rtex  w as d em o n stra ted  in  frozen  
sec tio n s by  F e t t ro t  s ta in in g .
As controls, 72 h e a lth y  gilts o f d iffe ren t age an d  b o d y  m ass (35, 55, 85 
a n d  105 kg), d e riv ed  from  an o th e r sto ck , w ere b led  an d  th e ir  ap p ro p ria te  
o rg an s were ex am in ed  b y  th e  sam e m eth o d s (G láv its e t a l., 1983).
Electron microscopy
Sam ples w ere  ta k e n  from  b o th  ovaries an d  th e  m ucosa of th e  u te rin e  
h o rn  o f tw o in fe rtile  sow s an d  of tw o g ilts w eighing 110 kg . T he tissue sam ples 
w ere  fixed  f irs t in  2 .5 %  g lu ta ra ld eh y d e  bu ffered  w ith  sod ium  cacodylate  a n d
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th e n  in  1%  osm ium  te tro x id e . A fte r em bedded  in  D u rc u p a n  resin , th e  sections 
p repared  -with an  O M U -3 “ R e ic h e rt“  u ltram ic ro to m e  w ere p o s t-s ta in ed  w ith  
u ran y l a c e ta te  an d  lead  c itra te , an d  exam ined  in  a P h ilip s-2 0 1  CS elec tron  
m icroscope. As con tro ls , sam ples ta k e n  from  th e  sam e organs o f e igh t g ilts 
of 35, 55, 85 an d  105 kg  b o d y  m ass (tw o in  each  ca teg o ry ) w ere exam ined  
(G lávits e t al., 1983).
Results
In  a large-scale p ig  h e rd , 40%  in fe rtility  o f sows o ccu rred  in  tw o su c ­
cessive years. D u rin g  th is  period , trich o th ecen e  m y co to x in s  (T -2 , H T —2) w ere 
d e tec ted  in  th e  sow feed in  q u a n titie s  o f  1 to  2 m g/kg feed  on severa l occasions. 
The d e tec tab ility  of th ese  m yco tox ins ra n  para lle l w ith  th e  period  o f in fe rtility .
R y  histological exam ina tion , b o th  ovaries an d  th e  m ucous m em branes of 
th e  inner gen ita l t r a c t  show ed sim ilar h isto log ical p ic tu re  in  th e  5 sows an d  
in  th e  2 g ilts  w eighing 110 kg. As opposed  to  th e  o v a ry  o f con tro ls  (F ig . 1), 
in  these  an im als la rge  n u m b ers  of te r t ia r y  follicles w ere seen d is tr ib u te d  in  th e  
w hole o v arian  co rtex . T hese follicles w ere o f th e  sam e d iam e te r , on ly  slig h tly  
p ro tru d e d  over th e  su rface o f th e  o rgan , an d  all o f th e m  co n sis ten tly  show ed 
signs of m ore or less severe a tre s ia . O va co n ta in ed  b y  th ese  follicles show ed
Fig. 1. T e rtia ry  follicle in th e  o v a ry  of 
a 190 days old, h e a lth y  g ilt w eighing 
85 kg. H aem a to x y lin -eo s in  (H —E .), a p ­
prox . X 160
F ig. 2. O vary  of a sow g iven  m yco tox in - 
co n ta in in g  feed fo r a  long  p eriod : te r ­
t ia ry  follicles show ing cy stic  d eg eneration  
an d  com pressing th e  o v a ria n  s tro m a.
H -E .,  ap p ro x . X 90
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F ig . 3. S ecretory-phase  u te r in e  wall of a 
210 d ay s old, h e a lth y  g ilt w eighing 105 
kg . T h e  g landu lar su b s tan ce  of th e  wide 
en d o m e triu m  is w ell-developed and 
show s m arked  ram ifica tio n . H -E .,  a p ­
prox . x 2 5
F ig . 4. U te rin e  w all o f a  sow  g iv en  m ycotox in- 
co n ta in in g  feed for a  long  p e rio d : th e  n a rro w  
e n d o m e triu m  fo rm s p ro jec tio n s , th e  g lan d u la r 
sub stan ce  is u n d e rd ev e lo p ed  an d  shows little  
ram ifica tio n . H —E ., ap p ro x . X 25
d eg en era tio n  (pycnosis or lysis), w hile in  th e  g ranu losa  cell la y e r  degenera tion  
a n d , freq u en tly , d e ta c h m e n t from  th e  h y a line  m em b ran e  w ere seen (Fig. 2); 
th e  th eca  in te rn a  a n d  th e  th eca  e x te rn a  w ere genera lly  in ta c t .  T he ovarian  
s tro m a  betw een  th e se  follicles h ad  sh ru n k  to  n a rro w  strip es , an d  th e  m a jo rity  
o f  p rim a ry  an d  seco n d ary  follicles em b ed d ed  in  i t  h a d  becom e a tro p h ied . 
N o form s in d ica tiv e  o f  ovu la tio n  (co rpora  h aem o rrh ag ica  o r lu te a )  w ere seen, 
th e  ovary  of on ly  one sow co n ta in ed  regressed  co rpo ra  lu te a  (corpora albi- 
c a n tia ) . On th e  o th e r  h an d , th e  ovaries of th e  co n tro l g ilts  o f low er body  m ass 
show ed signs in d ic a tin g  physio logical m a tu ra tio n  an d  a tre s ia  o f follicles. In  
a d d itio n  to  these , co rp o ra  lu te a  in d ica tiv e  of o v u la tio n  w ere also seen in  a p a r t  
o f  th e  gilts w eighing  105 kg (17 g ilts).
As com pared  w ith  those  o f th e  con tro ls (F ig. 3), th e  m ucous m em branes 
o f  th e  inner g en ita l t r a c t  (o v iduc ts, u te rin e  ho rns, th e  b o d y  o f th e  u te ru s) 
th in n e d  dow n (F ig . 4) and  show ed no signs o f h y p e raem ia  or oedem a. Cells 
o f  th e  surface ep ith e liu m  of th e  en d o m etriu m  h ad  one or tw o  nuclei, th e  
ep ithe lium  was PA S- an d  A B T -negative , an d  fre q u e n tly  co n ta in ed  d egenera ted  
a n d  expulsed ep ith e lia l cells. The g lan d u la r su b stan ce  w as a tro p h ie d  an d  did  
n o t  show  ra m ific a tio n . As com pared  w ith  th e  con tro ls (F igs 5 a n d  6), th e  end- 
pieces of g lands w ere narrow , cells of th e  g lan d u la r ep ith e liu m  w ere low, PA S- 
a n d  A B T -negative , th e ir  cy top lasm s co n ta in ed  few m ito ch o n d ria , and  th e ir  
tu b u lo -v esicu la r sy s tem  was a tro p h ied  (Figs 7 an d  8). T he s tra tif ie d  f la tte n e d  
ep ithe lium  of th e  u te r in e  cervix  an d  v ag in a  consisted  o f tw o  to  fiv e  cell layers.
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In  th ese  an im als, th e  zona fa sc ic u la ta  o f th e  ad re n a l co rtex  h a d  w idened  
an d  h ad  becom e slig h tly  defic ien t in  lip id s , as co m p ared  w ith  th e  co n tro ls .
In  th e  th y ro id , th e  d iam ete r o f a considerab le  p a r t  (40 to  60% ) o f th e  
acin i h a d  becom e sm aller th a n  th e  ac in i in  th e  c o n tro l th y ro id  (F ig . 9). T he 
lin ing  ep ith e liu m  show ed h y p e rtro p h y , tra n s fo rm a tio n  in to  co lu m n ar e p ith e ­
lium , an d  h y p erp las ia  [fo rm atio n  o f m u ltilay e red  ep ith e liu m  som etim es com ­
p le te ly  filling  th e  acinus (F ig. 10)].
Chemical analysis  of th e  feed d e m o n s tra te d  v a ry in g  q u a n titie s  o f d if­
fe ren t tr ich o th ecen e  m yco tox ins (T -2 , H T —2 an d  occasionally  d iace ty ln iv a len - 
ole). T he to ta l  q u a n ti ty  of these  m yco to x in s  am o u n te d  to  1 to  2 m g/kg  o f  feed . 
A nalysis o f  th e  feed com ponen ts has rev ea led  th a t  w h e a t was th e  co m p o n en t
F igs 5 and 6. Secreto ry -phase  u te rin e  w all o f a  210 days old , h e a l th y  g ilt w eighing 105 kg : 
in  th e  en d o m etriu m , th e  g lan d u la r ep ithelial cells w ith  h igh  c y to p la sm  show signs o f in ten siv e  
fu n ction ing . P eriod ic  a c id -S ch iff (PA S) reac tio n , ap p ro x . X 400 (F ig . 5); E lectro n  m ic ro g rap h
X 4100 (F ig . 6)
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F igs  7 a n d  8. U te rin e  w all o f a sow given m y co to x in -eo n ta in in g  feed for a  long  p eriod . In  th e  
e n d o m e triu m , th e  g lan d u la r  ep ith e lia l cells w ith  low  cy to p lasm  do no t show  signs in d ica tiv e  o f 
fu n c tio n in g . PA S re ac tio n , ap p ro x . X 400 (F ig . 7); E le c tro n  m icrograph, ap p ro x . X 6400 (F ig . 8)
t h a t  co n ta in ed  th e  F u sa riu m  to x ins. T h e  w h e a t co n ten t o f th e  p ig le t d ie t w as 
1 5 % , w hile  th a t  o f th e  g ilt feed I —I I I  an d  th e  sow feed 1 0 % . A tte m p ts  to  
d e m o n s tra te  zeara lenone  failed.
D iscussion
O n th e  basis o f  th e  p resen t re su lts , w e can  s ta te  th a t  th e  tr ich o th ecen e  
fu sa rio to x in s  (T -2 , H T -2 )  have an  ad v erse  effect on re p ro d u c tiv e  processes, 
as i t  w as observed  also  b y  o thers (V o lin tir e t  a l., 1971; P a ly u s ik  e t al., 1981). 
W h en  an im als consum e these  to x in s  for a long  tim e  in  a co n c e n tra tio n  o f 1 to  2
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Fig. 9. T h y ro id  of a 210 days old, h e a lth y  g ilt w eighing 105 kg : m ed iu m  a n d  large  acini lined  
by  one-layered cu bo ida l ep ithe lium . H -E .,  ap p ro x . X 160
F ig. 10. T h y ro id  of a  sow given m y co to x in -co n ta in in g  feed for a  long p e rio d : sm all acin i lined  
b y  h igh , occasionally  m u ltilay e red , c o lu m n ar ep ithelial cells. H —E ., ap p ro x . X 160
m g/kg  o f feed, these  adverse effects inc lu d e  cystic  d eg en era tio n  o f  th e  o v a ry  
(an d  th e re b y  th e  inh ib itio n  o f o v u la tio n ) an d  a co n seq u en t a tro p h y  a n d  loss 
o f fu n c tio n a l a c tiv ity  of th e  u te ru s , p rim arily  th e  en d o m etriu m .
B o th  ty p e s  of fu sario tox ins (zearalenone and  tr ich o th ecen e  to x in s) cause 
d is tu rb an ces  in  th e  horm onal ba lance  o f th e  organism . W hile zeara lenone, due 
to  i ts  oestrogenic  effect, induces p ro life ra tio n  of th e  m ucous m em b ran es of 
th e  in n e r  gen ita l organs w ith o u t re g a rd  to  th e  physio log ica l s ta tu s  o f  th e  
o v a ria n  cycle, an d  th e reb y  i t  n ecessarily  causes an  asy n ch ro n ism  in  th e  fu n c ­
tio n  o f  ovaries an d  m ucous m em b ran es (V ányi et al., 1974), o u r experiences 
suggest t h a t  trich o th ecen e  to x in s  b lock  th e  ov arian  cycle due  to  th e ir  in h ib ito ry  
effect on  ovu la tio n . This effect of th e  trich o th ecen e  to x in s , in  a d d itio n  to  th e ir
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o th e r  d irec t actions, p re v e n te d  th e  rh y th m ic  s tim u la to ry  effects o f th e  fo l­
licu la r an d  corpus lu te u m  horm ones p roduced  in  th e  o v a ry  from  being m an i­
fe s ted . I n  th e  p resen t case , all these were exp ressed  also in  m orphological and  
h is to ch em ica l changes.
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STACHYBOTRYOTOXICOSIS AS A PREDISPOSING 
FACTOR OF OVINE SYSTEMIC PASTEURELLOSIS
I . H a j t ó s , 1 B. H a r r a c h ,2 G. S z i g e t i , 1 L . F o d o r ,3 
G. M a l i k 1 a n d  J .  V a r g a 3
^V eterinary  In s t i tu te  o f M iskolc, H-3501 M iskolc, P . O. B ox 170; 2V e te rin a ry  M edical R esearch  
In s t i tu te ,  H u n g a rian  A cadem y of Sciences, H -1581 B u d ap es t, P . O. B o x  18; and  d e p a r t m e n t  
o f E pizootio logy , U n iv e rsity  of V e te rin a ry  Science, H-1581 B u d a p es t, P . O. B ox  22
(R eceived J u n e  13, 1983)
I n  D ecem ber 1981, m ass disease occurrence accom panied  b y  su d d en  d e a th  was observed  
in  a  sheep flo ck  of 970, 6 to  7 m o n th s old lam b s in  N o rth e rn  H u n g a ry .
Gross p a tho log ica l find ings included h aem o rrh ag es  o f v a ry in g  size dispersed a ll over th e  
b o d y , m ucosal h aem o rrh ag es an d  erosions in  th e  in te s tin a l t r a c t ,  sm all g reyish-w hite foci in  
th e  liv e r, an d  loss o f fleece. P a s te u r e lla  h a e m o ly tic a  sero type-3  b io ty p e -T  (T3) s tra in  was iso la ted  
fro m  th e  p a ren ch y m a l o rgans o f 4 o f th e  5 lam b  carcases exam ined.
T he w h eat s traw  used  for b o th  litte r in g  a n d  feeding of lam bs w as s tro n g ly  c o n ta m in a te d  
b y  th e  m ould  S ta c h y b o tr y s  a tr a . F ro m  sam ples o f  th e  m ou ld y  w h ea t s tra w , m acrocyclic  tr ich o - 
th ecen e  s ta ch y b o try o to x in s  (sa tra to x in s  G an d  H ) w ere d e m o n s tra ted  b y  th in -lay er c h ro m a­
to g ra p h y  an d  b y  th e  b rine  shrim p tes t. The id e n tity  o f th e  to x ins w as verified  by  th e ir tran se s te r i­
f ic a tio n  in to  verrucaro l.
S im ultaneous occurrence of s tach y b o try o to x ico sis  and pasteu re llo sis  was d iagnosed in 
th e  lam b  flock. Since th e  feed was changed im m e d ia te ly  a fte r th e  a u to p sy  o f carcases, an d  th e  
use  o f th e  m ou ld y  s tra w  for feeding and b ed d in g  w as s topped , on ly  41 lam b s died.
In  th e  a u th o rs ’ op in ion , th e  developm en t o f acu te  system ic p asteu re llo sis in  lam b s th a t  
h a d  h a rb o u re d  P . h a e m o ly t ic a  stra in s  of b io ty p e  T  in  th e ir  tonsils w ith o u t show ing sy m p to m s 
w as due  to  th e  p red isposing  effect o f im m unosuppressive  s tach y b o try o to x in s  w hich can  cause 
ep ith e lia l (m ucosal) dam age. The observations re p o rte d  in  th e  p re sen t p a p e r are o f in te re s t 
fro m  th e  v iew po in t o f d ifferen tia l diagnosis an d  fu rn ish  new  know ledge of th e  pa thogenesis o f  
acu te  system ic  pasteurellosis.
Keywords. M ycotoxin , S ta c h y b o tr y s  a tra , P a s te u r e l la  h a e m o ly t ic a , predisposing fa c to r,
sheep.
T he v e te r in a ry  im p o rtan ce  of su bclin ica l m ycotoxicoses lies in  th e  fa c t 
t h a t  th e y  p red ispose  to  d ifferen t in fec tious diseases b y  decreasing  th e  n a tu ra l  
re s is tan ce  an d  im p a irin g  th e  im m une sy s te m  of an im als (P ie r e t al., 1980).
In  H u n g a ry , s tach y b o try o to x ico sis  is one of th e  m ost im p o r ta n t m yco­
tox icoses in  horses, sheep an d  ca ttle  (D an k o  an d  T an y i, 1968; D anko, 1976; 
H a rra c h  an d  B a ta , 1982), an d  occasionally  i t  occurs also in  m an  (A ndrássy  
e t a l., 1980).
T he fungus Stachybotrys atra (syn .: S . alternons)  grow ing  ex ten siv e ly  on 
cellu lose-rich  forages (straw , hay) p ro d u ces d ifferen t, so-called  m acrocyclic 
tr ic h o th e c e n e-ty p e , m yco tox ins (sa tra to x in s  G an d  H , v e rru c a rin  J ,  etc.) u n d e r 
b o th  la b o ra to ry  an d  n a tu ra l  conditions (E p p ley , 1977; H a rra c h  e t al., 1981; 
H a rra c h  an d  B a ta , 1982). T he above m y co to x in s  are, as a ru le , im m u n o su p ­
pressive , an d  dam age m ucous m em branes (B ó ján  e t al., 1976; D ankó, 1976). 
T he c y to to x ic ity  o f  th e  trich o th ecen e-ty p e  m yco tox ins is based  on th e ir
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p ro n o u n c e d  in h ib ito ry  effect on th e  p ro te in  an d  D N A  sy n th esis  o f  cells 
(U eno, 1977).
O n th e  basis o f th e ir  colony m orpho logy , b iochem ical p ro p erties  a n d  
s e n s itiv ity  to  an tib io tic s , Pasteurella haem olytica  s tra in s  fall in to  tw o b io ty p es  
(A a n d  T ), an d  b y  th e  in d ire c t h a e m a g g lu tin a tio n  (IH A ) te s t ,  th e y  can  be 
d iv id e d  in to  15 se ro ty p es (S m ith , 1961; P eg ram  e t ah , 1979; F ra se r e t ah , 
19826). B io type-T  (se ro ty p e  3, 4, 10, 15) s tra in s  acco u n t fo r th e  so-called a c u te  
sy s tem ic  pasteu re llo sis  o f  grow ing, 5 -12  m o n th s  old lam b s (G ilm our, 1980; 
D y so n  e t  ah , 1981; F ra se r  e t ah , 1982a). A ccording to  D yson  e t ah (1981) 
a n d  A ngus and  G ilm our (1981), th is  co n d itio n  is n o t a t ru e  sep ticaem ia , b u t  
c an  be regarded  as a consequence o f th rom boem bolism  s ta r tin g  from  th e  
th r o a t  an d  up p er a lim e n ta ry  t r a c t  as p rim a ry  foci. D ue to  th e  effect o f p re ­
d isposing  fac to rs n o t y e t know n sa tis fac to rily , th e  ep ip h y te  P . haem olytica  
b a c te r ia  of b io ty p e  T  n o rm a lly  p resen t in  th e  tonsils o f h e a lth y  a d u lt sheep  
m u ltip ly  rap id ly , an d  d isperse  to  th e  d iffe ren t p a ren ch y m a l organs th ro u g h  
th e  lym p h o -h aem ato g en ic  ro u te  (G ilm our e t  ah , 1974; G ilm our, 1980; D yson  
e t  ah , 1981).
In  th e  p resen t p a p e r, th e  re la tio n sh ip  of s tach y b o try o to x ico sis  an d  a c u te  
sy s tem ic  pasteure llosis  is re p o rte d , since th is  can  be im p o r ta n t  in  th e  p a th o ­
genesis of pasteu re llo sis  an d  from  th e  d iffe ren tia l d iagnostic  p o in t of v iew .
M aterials an d  m ethods
Post-mortem exam inations. In  D ecem ber 1981, w ith  an  in te rv a l of 2 d ay s , 
5 lam b  carcases w ere su b m itte d  fo r  ro u tin e  la b o ra to ry  ex am in a tio n  fro m  a 
sheep  flock  of N o rth e rn  F lu n g a ry , com p ris in g  970 6 to  7 m o n th s  old lam b s of 
th e  H u n g a ria n  m erino  b re e d . T h e  carcases show ed a good b o d y  co n d itio n . 
T h e ir  e x te rn a l an d  in te rn a l  gross e x a m in a tio n  was p e rfo rm ed  in  th e  u su a l w ay .
H istopathology. Sm all o rgan  sam ples w ere ta k e n  from  th e  b ra in  (b ra in  
s te m , cerebellum , ce reb ra l hem isphere) o f all 5 carcases, an d  from  th e  liv e r  
o f  2. T he sam ples w ere fix ed  in  10%  n e u tra l  fo rm alin . F ro zen  an d  p a ra ff in  
sec tio n s  were s ta in e d  w ith  h a e m a to x y lin  an d  eosin, a n d  b y  th e  G ram  a n d  
G iem sa s ta in in g  tech n iq u es .
Bacteriological exam inations. Spleen an d  liver sam ples from  all 5 c a r ­
cases w ere in o cu la ted  on to  b lood  ag a r p la te s  w ith  8%  d e fib rin a ted  sheep  
b lo o d , an d  b ro m o th y m o l b lu e - la c to se -c ry s ta l  v io le t ag a r, w hile b ra in  sam p les  
on  b lood  ag ar p la te s  on ly . T he cu ltu re s  w ere in c u b a te d  u n d e r aerobic  co n d i­
tio n s  a t  37 °C for 24 h.
B io typ ing  and serotyping o f  P . haemolytica. P . h aem o ly tica  s tra in s  iso la te d  
fro m  th e  spleen an d  liv e r  o f carcases w ere id en tified  on th e  basis o f th e ir  m o r­
pho log ica l an d  b iochem ical p ro p ertie s  (S m ith , 1961; B ib ers te in , 1978). Sero-
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logical ex am in a tio n s  w ere perfo rm ed  b y  usin g  th e  IH A  te s t  (B ib ers te in , 1978). 
A n tise ra  to  se ro types 1-15 w ere p ro d u ced  in  ra b b its .
M ycology. F o r th e  iso lation  o f S. atra  s tra in s , b lack -sp o tted  “ su s p e c t” 
s ta lk s  o f  s tra w  co llected  from  w h ea t s tra w  s to red  in  th e  s ta c k  used fo r feed ing  
o f lam b s a n d  also fo r bedd ing , w ere p laced  in to  P e tr i  dishes, on f i l te r -p a p e r  
soaked  w ith  v a n  I te rs o n ’s so lu tion . T he s ta lk s  w ere in c u b a te d  a t  2 2 -2 4  °C fo r 
7 days, a n d  th e  su b seq u en t id e n tif ic a tio n  w as p erfo rm ed  according to  Szigeti 
(1971).
T o xin  analysis. D em o n stra tio n  o f  tr ic h o th e c e n e -ty p e  s ta c h y b o try o to x in s  
in  w h e a t s tra w  sam ples b y  th in -la y e r c h ro m a to g ra p h y  an d  th e  v e r if ic a tio n  of 
th e ir  id e n ti ty  b y  tran se s te rif ic a tio n  to  v e rru c a ro l w ere perfo rm ed  as describ ed  
earlier (H a rra c h  an d  B a ta , 1983). T he to x ic i ty  of th e  iso la ted  m y co to x in s  
w as checked  in  th e  b rine  sh rim p  te s t  (H a rra c h  e t al., 1981).
R esults
H istory  and clinical fin d in g s .  In  th e  above lam b  flock  feeding of, an d  
bedd in g  w ith , ba led  w h ea t s traw  w hich h a d  go t w et a t  th e  tim e  o f h a rv e s tin g , 
in  A u g u st 1981, w as s ta r te d  a t  th e  end  o f N ovem ber o f  th e  sam e y ea r. S ince 
th a t  tim e  th e  b a led  s traw  h ad  been s to red  in  s tack s on th e  farm . In  a d d itio n  
to  w h e a t s traw , th e  lam bs w ere fed d ried  g ra in  corn  an d  b ee tro o t ta il ,  feed  
th a t  th e y  h a d  received  also earlier. T he f ir s t  cases occurred  a p p ro x im a te ly  
tw o w eeks a f te r  th e  beg inn ing  o f s traw  feed ing , an d  th e  sym ptom s in c lu d ed  
a sh o rt- te rm  listlessness, in ap p e ten ce , s tro n g  sa liv a tio n  an d  w eakness. Som e
Fig. 1. Loss o f fleece in  an  ap p ro x im ate ly  7 m o n th s old lam b  diseased  in  s tach y b o try o to x ico sis
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an im als  ex h ib ited  also dyspnoea, foam y  a n d , occasionally , b lo o d -s treak ed  nasa l 
d isch arg e  an d  d ia rrh o ea . P a r t  o f th e  an im a ls  w ere febrile (w ith  a bo d y  te m ­
p e ra tu re  a ro u n d  41 °C). Some of th e  a ffec ted  an im als responded  to  a n tib io tic  
th e ra p y  (penicillin  -(- s trep to m y c in  i. m .), b u t  m o st o f th em  d ied  w ith in  2 4 -4 8  h. 
A s tr ik in g  fea tu re  o f th e  cond ition  w as t h a t  th e  fleece of th e  lam bs could  be 
p u lled  o u t in  c lum ps or i t  hung  dow n in  tu f ts .  L am bs w ith  fleece falling  o u t 
w ere seen in  th e  flo ck  even  a fte r  th e  b eg in n in g  of J a n u a ry  1982, a f te r  d e a th s  
h a d  ceased  to  occur (F ig . 1).
Pathological f in d in g s .  O f th e  lam b s su b m itte d  a few hou rs  a f te r  d e a th , 
th e  fleece o f 3 w as h an g in g  dow n in  tu f t s  o r Could be pu lled  o u t easily . T here  
w ere f la t ,  ex p an d in g  ecchym oses o f v a ry in g  size in  th e  su b cu tan eo u s  co n ­
n e c tiv e  tissu e  a ll over th e  body . T he reg io n a l ly m p h  nodes w ere sw ollen, d a rk  
re d  a n d  su ccu len t. P e tech iae  an d  ecchym oses were seen u n d e r  th e  serous 
m em b ran es  of th e  ab d o m in a l c a v ity , in  th e  d iap h rag m , u n d e r  th e  capsu le  o f 
sp leen  an d  u n d e r th e  p leu ra . T he spleens w ere  n o rm a l in  shape  an d  size. I n  tw o  
cases, th e  liver w as found  to  co n ta in  n u m ero u s  sm all, g rey ish -w h ite  n ec ro tic  
foci, w hile th e  o th e r  3 livers show ed d eg en e ra tio n . The m ucous m em b ran es of 
th e  ru m en  and  abo m asu m  co n ta in ed  h aem o rrh ag es  an d  erosions o f v a ry in g  
size a n d  h av in g  in d is tin c t m arg ins, w hile t h a t  o f  th e  sm all in te s tin e  h ad  m in u te , 
s c a tte re d  h aem o rrh ag es  or, in  o th e r  p laces, th o se  show ing a “ sp rin k le d ”  c h a ra c ­
te r .  In  one o f th e  carcases, th e  sm all in te s t in a l  m ucosa show ed also sm all 
erosions and  h a e m o rrh ag ic -d ip h th e ro id  sloughs. The k idneys w ere pale b ro w n  
a n d  succu len t. T h e  m ucosa of th e  th r o a t  w as hyperaem ic , sw ollen, an d  in  tw o 
cases th e  tonsils co n ta in ed  yellow ish-w hite  or greyish-yellow , c ra te rifo rm , deep 
n e c ro tic  foci. T h e  h a rd  p a la te  o f one la m b  ex h ib ited  sm all g rey ish-yellow  
n ec ro tic  areas, w hile in  th e  o th e r carcases th e  oral m ucosa w as in ta c t .  T he 
p resence  of fo am y , red d ish  co n ten ts  in  th e  tra c h e a  an d  n asa l passages in d ic a te d  
ex p ressed  p u lm o n a ry  oedem a an d  h y p e ra e m ia . Petech iae  w ere seen u n d e r th e  
ep ica rd iu m  an d  endocard ium . P a ra s ite s  w ere n o t seen in th e  b ra in  an d  in  th e  
n a s a l passages w ith  th e  u n a id ed  eye. T h e  n a sa l m ucosa w as d a rk  red  an d  was 
covered  w ith  red d ish , foam y secretion .
H istopathological fin d in g s . I n  b ra in  sec tions s ta in ed  w ith  h a e m a to x y lin  
a n d  eosin, changes in d ica tiv e  o f in f la m m a tio n  were seen n e ith e r  in  th e  b ra in  
n o r  in  th e  m eninges. I n  th e  liver o f  tw o  carcases , necro tic  foci o f v a ry in g  size 
c o n ta in in g  c lum ps o f  b a c te ria  w ere o b se rv ed  (F ig. 2). T he b a c te ria  p re se n t in  
th e  clum ps p ro v ed  to  be G ram -n eg a tiv e . In  places, th e  necro tic  area ex te n d e d  
to  severa l n e ig h b o u rin g  h ep a tic  lobu les (F ig . 3). No reg u la ritie s  w ere fo u n d  to  
e x is t in  th e  lo ca liza tio n  of th e  n ec ro tic  foci.
Bacteriological fin d in g s . In  c u ltu re s  from  th e  spleen a n d  liv er o f 4 c a r ­
cases, be ta -h aem o ly sin g , ro u n d  colonies 1—1.5 m m  in  d iam ete r, h av in g  a d a rk e r  
c e n tre  grew  o u t in  p u re  c id tu re . T he b a c te r iu m  was id en tified  as P. haemolytica  
b io ty p e-T , sero ty p e-3  (T3) s tra in . B ac te rio log ica l ex am in a tio n  o f th e  sp leen
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F ig . 2. C ircum scribed necro tic  focus in  th e  liver w ith  clum ps of b ac te ria . H . and  E ., ap p ro x ­
im ate ly  x 6 5
F ig . 3. N ecro tic  area ex ten d in g  to  severa l ne ighbouring  lobules o f th e  liv e r. H . an d  E ., ap p ro x ­
im ately  X 25
a n d  liv e r o f th e  f if th  ca rcase , an d  th a t  o f th e  b ra in  o f a ll 5 carcases gave 
n eg a tiv e  re su lts .
M ycological and mycotoxicological fin d in g s . F ro m  sam ples of th e  b lack- 
sp o tte d  w h ea t straw , a m ou ld  id en tifiab le  as Stachybotrys atra w as iso la ted  in  
p u re  c u ltu re . A n aly tica l s tu d ie s  revealed  th e  presence o f  sa tra toxin  G an d  H  
m acrocyclic  trich o th ecen e  s ta c h y b o try o to x in s . T heir id e n t i ty  w as p ro v ed  b y  
th e ir  tra n se s te rif ic a tio n  in to  verrucarol. These Stachybotrys to x in s  h a d  a lread y
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b een  iso la ted  in  H u n g a ry , v iz ., from  m ou ldy  bedd ing  s tra w  in  connection  w ith  
s tach y b o try o to x ico s is  o f calves (H a rra ch  an d  B a ta , 1982), a n d  th e y  are p ro ­
d u c e d  b y  the  ty p e  s tra in  (ATCC 34915) iso la ted  in  H u n g a ry  from  fa ta l cases 
o b se rv ed  am ong horses (H a rra c h  e t al., 1981). The m y co to x in s  iso la ted  b y  us 
h a v e  p ro v ed  to  be to x ic  in  th e  b rin e  sh rim p  te s t , an d  be long  to  th e  group of 
tr ic h o th e c e n e  m yco tox ins considered  m ost to x ic , i.e. to  U en o ’s g roup  D (1977).
D iscussion
S im ultaneous occu rrence  o f s tach y b o try o to x ico s is  a n d  acu te  system ic 
p asteu re llo sis  was d iagnosed  in  th e  lam b  flock  u n d er s tu d y  on  th e  basis o f th e  
f ie ld  investig a tio n s an d  la b o ra to ry  exam in a tio n s. T he clin ica l sym ptom s and  
p a th o lo g ica l lesions re sem b led  th o se  described  for b o th  s tach y b o try o to x ico s is  
o f  sheep  (D ankó, 1976; S ch n e id er e t al., 1979) an d  th e  d isease caused  b y  bio- 
ty p e -T  Pasteurella haem olytica  in  grow ing lam bs (R a ta lic s  an d  Szabó, 1964; 
G ilm our, 1980; D yson  e t al., 1981). T 3 -ty p e  P . haemolytica  s tra in s  w ere iso la ted  
in  p u re  cu ltu re  from  th e  p a ren ch y m a l organs of 4 of th e  5 lam b  carcases ex ­
a m in e d  by  us. In  tw o  cases, th e  sm all n ecro tic  foci p re se n t in  th e  liv er (Figs 1 
a n d  2) con ta ined  P . haem olytica  in  th e  fo rm  o f b a c te ria l em boli.
P . haemolytica  s tra in s  h av e  been  iso la ted  from  th e  organs of sheep suc­
c u m b ed  to  “ s ta c h y b o try o to x ic o s is”  also by D ankó  (1976) an d  Schneider e t al. 
(1979); how ever, th e  la t te r  a u th o rs  d id  n o t ty p e  th e ir  iso la tes. In  ag reem ent 
w ith  th e  observ a tio n  o f R a ta lic s  an d  Szabó (1964), tb e  d isease seen b y  us h ad  
n o t  ceased to  occur u n ti l  th e  feed of lam bs w as changed .
The presence o f m acrocyclic  tr ich o th ecen e  s ta c h y b o try o to x in s  in  sam ples 
o f  th e  w heat s traw  used  fo r b ed d in g  an d  feeding w as v e rif ie d  also b y  chem ical 
an a ly s is . The d e a th  o f th e  b ac te rio log ically  n eg a tiv e  lam b  exam ined  b y  us, 
a n d  th a t  o f lam bs d ied  in  th e  sheep fa rm  w ith in  a sh o rt tim e  w ith o u t a febrile 
re sp o n se  in a cond ition  ch a rac te rized  b y  haem orrhages a ll over th e  b o d y  m u st 
h a v e  been  due solely to  s tach y b o try o to x ico s is . P a th o lo g ica l lesions w ere m ore 
exp ressed  in  th e  carcases th e  organs o f w hich y ie ld ed  P . haemolytica  upon  
iso la tio n . E arlie r D an k ó  (1976) m ade a sim ilar o b se rv a tio n  in  exp erim en ta l 
s tach y b o try o to x ico s is  o f sheep.
In  our opin ion , th e  P . haemolytica  T -b io types p re se n t in  th e  th ro a t  as 
e p ip h y te  b ac te ria  becam e a c tiv a te d  u n d e r th e  in flu en ce  o f th e  im m u n o su p ­
p ressiv e  s ta c h y b o try o to x in s  h av in g  a dam aging  effect on m ucous m em branes. 
T h e  a c tiv a te d  b a c te r ia  d ispersed  to  th e  d ifferen t p a re n c h y m a l organs th ro u g h  
th e  ly m p h o -h aem ato g en ic  ro u te . T hus, th e  effect ex e rted  b y  m yco tox ins m ay  
b e  one of the  im p o r ta n t  fac to rs  in  th e  pathogenesis of a c u te  system ic  p a s te u re l­
losis.
The path o lo g y  o f  acu te  system ic pasteurellosis resem bles th a t  of th e  so- 
ca lled  p y osep ticaem ia  o f horses, a disease caused b y  A ctinobacillus equuli
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(Széky, 1962; D an k o  an d  T an y i, 1968). In  H u n g a ry , pyo sep ticaem ia  o ften  
occurs s im u ltan eo u sly  w ith  s tach y b o try o to x ico s is , as a com plica tion  o f th e  
la t te r  (D anko  an d  T any i, 1968). In  horses, a s im ilar p red isposing  role o f  T-2 
to x in , a n o th e r  trich o th ecen e  m yco tox in  p ro d u ced  b y  F u sa riu m  species, has 
a lread y  been  su b s ta n tia te d  (Szigeti e t al., 1977).
W hen  d iagnosing  acu te  system ic pasteu re llo sis  in  lam bs, th e  p red isposing  
role o f feed ing  m o u ld y  feed c o n ta m in a te d  m ain ly  b y  Stachybotrys, F u sa riu m  
an d  M yrothecium  spp . (U eno, 1977) an d  co n ta in in g  tric h o th e c e n e-ty p e  m yco- 
to x in s  should  be  b o rn  in  m ind  also in  o th e r  p a r ts  o f th e  w orld . E lu c id a tio n  of 
th e  re la tio n sh ip  o f m ycotoxicosis an d  p asteu re llo sis  is ind ispensab le  in  red u c in g  
losses and  in  th e  p rev en tio n .
In  ou r case, ow ing to  th e  im m ed ia te  change of feed follow ing th e  n ec ro p ­
sies (p resu m p tiv e  d iagnosis: s tach y b o try o to x ico sis), an d  p ro b ab ly  also to  th e  
low n u m b er o f an im als h a rb o u rin g  P . haem olytica  T -b io ty p es, on ly  41 lam bs 
died in  th e  course o f ab o u t 3 weeks.
As opposed to  th a t  o b ta in ed  for G rea t B rita in  (F ra se r e t a l., 1982a), in  
H u n g a ry  th e  ra te  o f P . haemolytica  T -b io types iso la ted  from  necropsy  m a te ria l 
is low  (F odor e t a l., 1984).
In  th e  dev e lo p m en t of in fectious d iseases, subclin ical m ycotoxieoses are  
none th e  less im p o r ta n t. U nder fie ld  cond itions, th e  v e rifica tio n  of th e ir  p re ­
disposing role is d ifficu lt, since th e  sy m ptom s an d  lesions o f th e  accom pany ing  
in fec tious diseases u su a lly  conceal those  o f m ycotoxieoses (P ie r e t al., 1980).
In  th e  sheep flock  stu d ied  b y  us, a b o u t 1 m o n th  after^ the  case rep o rted  
above, d u ring  silage feeding, encephalitis  caused  b y  v iru len t Listeria  m ono­
cytogenes s tra in s  o f sero ty p e  1/2 occurred  in  m asses in  7 -8  m o n th s  old lam bs 
o f im paired  im m une  system .
D ankó  (1976) fed  s tach y b o try o to x in -co n ta in in g  feed to  p re g n a n t ewes in  
an  ad v an ced  s tag e  o f p regnancy . A lthough  th e  ewes d id  n o t a b o r t  d u rin g  th e  
period  of ex p erim en t, th e ir  live-born  lam bs show ed v e ry  low leucocy te  co un ts, 
in d ica tiv e  o f in u te ro  im p a irm en t of th e  im m une  sy stem . U nder fie ld  cond i­
tions an d  in  ce rta in  flocks, th is  im p a irm en t can  be o f decisive im p o rtan ce  in  
suck ling  lam b  losses, an d  p ro b ab ly  also in  th e  m a g n itu d e  of losses due to  
sep ticaem ia  an d  p leu ro p n eu m o n ia  caused b y  P . haemolytica  A -b io types.
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METABOLIZATION OF TRICHOTHECENE TOXINS 
(T-2 TOXIN AND DIACETOXYSCIRPENOL)
IN EMBRYONATED HEN’S EGG
Á. B a t a , 1 A. V á n y i 2 a n d  G a b r i e l l a  S . S á n d o r 2
d e p a r t m e n t  o f B io ch em istry  an d  Food T echno logy , Technical U n iv e rs ity  B u d ap es t, H-1521 
B u d a p es t, P . 0 .  B ox 91; an d  2C entra l V e te rin a ry  In s t i tu te , H-1149 B u d a p e s t,  T áb o rn o k  u. 2,
H u n g a ry
(R eceived A u g u st 24, 1983)
In  paralle l e x p erim en ts  trich o th ecen e  to x in s  (T-2 tox in  and  d iacetox y sc irp en o l, 5 /rg/egg) 
w ere in jec ted  in to  th e  yo lk  of em b ry o n a ted  h e n ’s egg and  incubated  fo r te n  d ay s. T he m e ta b o ­
lite s fo rm ed du rin g  in cu b a tio n  were an alysed  b y  a cap illa ry  gas ch ro m a to g ra p h ic  m eth o d . 
T h ey  w ere h y d ro ly tic  p ro d u c ts  o f T-2 to x in  a n d  d iacetoxyscirpenol, re su ltin g  in T-2 te tra o l 
an d  scirpen trio l, respec tive ly .
Keywords. B io tran sfo rm atio n , trich o th ecen es.
M ycotox in -p roducing  m old species m ay  produce d iffe ren t k inds an d  
am o u n ts  o f to x in s . A fte r th e  co n su m p tio n  o f feedstuffs c o n ta in in g  m yco tox ins, 
to x ic  m e tab o lite s  p oo rly  know n in n a tu re  m ay be fo rm ed  in  th e  an im al 
o rgan ism .
In  v itro  conversion  o f T-2 to x in  in to  HT-2 to x in  w as o bserved  a fte r  
in c u b a tio n  of T-2 to x in  w ith  9000 X g  su p e rn a ta n t flu id  o f h u m a n  an d  bov ine  
liv e r  h om ogenates (E llison  an d  K o tson is, 1974). R obinson a n d  M irocha (1976) 
re p o rte d  th a t  T-2 to x in  w as co n v erted  in to  neosolaniol, H T -2  to x in  an d  T-2 
te t r a o l  to x in . M atsu m o to  e t al. (1978) ex am in ed  th e  fa te  a n d  d is tr ib u tio n  o f 
T-2 to x in  in  m ice w ith  tr itiu m -la b e lle d  T-2 to x in . Chi e t al. (1978) re p o rte d  
t h a t  T-2 to x in  w as m etabo lized  in  one-day -o ld  broiler chicks in to  H T-2 to x in , 
neosolan io l, d eacety l-H T -2  to x in  an d  T-2 te tr a o l  tox in .
T his re p o rt deals w ith  th e  tra n s fo rm a tio n  of T-2 to x in  a n d  d iace to x y ­
sc irpeno l (DAS) in  e m b ry o n a ted  h e n ’s egg a n d  w ith  th e  ra te  o f  m e tab o liza tio n .
Materials and methods
T o x in  production fo r  analytical standard
To p roduce  T-2 to x in , H T-2 to x in  a n d  neosolaniol, F u sa r iu m  sporotri- 
chioides w as grow n on rice in  th ree  successive tem p era tu re -p e rio d s: a t  22 °C 
fo r  7 days, a t  4 °C fo r 7 d ays an d  a t  22 °C fo r 10 days. The c u ltu re  was d ried , 
g ro u n d  an d  e x tra c te d  w ith  a c e to n itr ile -w a te r  (5 : 1). The a c e to n itr ile  e x tra c t
Acta Veterinaria Hungarica 31, 1983
190 B A TA  e t al.
w as p a r titio n e d  w ith  h e x an e . The co n c e n tra ted  ace to n itrile  phase was p u rified  
on silica gel colum n (45 m esh) b y  elu tion  o f  a step  g ra d ie n t system  consisting  
o f benzene and  ace to n e . T he frac tions co n ta in in g  H T -2 to x in  or neosolaniol 
w ere p u rified  fu r th e r  b y  p re p a ra tiv e  th in - la y e r  c h ro m a to g ra p h y  (TLC) using  
ch lo ro fo rm -e th an o l (8 : 2) m ix tu re . E ach  to x in  w as c ry sta llized  rep ea ted ly  
from  e th y l a c e ta te -h e x a n e . E ach  p ro d u c t w as o f 9 5 -9 7 %  p u r i ty  as de te rm ined  
b y  g as-liq u id  c h ro m a to g ra p h y  (GLC).
T-2 te tra o l an d  T-2 tr io l to x in s  w ere o b ta in ed  b y  hydro lysis o f H T -2 
to x in . HT-2 to x in  w as dissolved in  0.5 N  N aO H  in  m e th a n o l and  s tirre d  a t  
room  te m p e ra tu re  fo r 1 h . T he so lven t w as rem oved  in  v acu o . The p ro d u c ts  
w ere p u rified  b y  p re p a ra tiv e  TLC an d  c rysta llized  re p e a te d ly  from  e th y l ace ­
ta te -h e x a n e . The T-2 te t r a o l  and  T-2 tr io l used  in  th is  s tu d y  were of 9 0 -9 2 %  
p u r ity , contro lled  b y  GLC.
E xperim ents w ith hen 's eggs
T-2 to x in  an d  D A S w ere dissolved in  e th an o l (1 pg /p l). Five g\ o f to x in  
so lu tio n  was in je c te d  in to  th e  yolk  of e m b ry o n a ted  h e n ’s eggs. T w en ty  eggs 
w ere te s te d  for each  to x in . T hey  w ere in c u b a te d  a t  40 °C fo r 10 days. Two eggs 
w ere used  for each ana ly sis .
Chemical analysis
Two eggs w ere ad m ix ed  w ith  100 m l o f ace tone  a n d  5 g of (N H 4)2S 0 4. 
T he m ix tu re  w as f i l te re d  an d  ev ap o ra ted  u n d e r v acu u m . To th e  residue 20 m l 
of m e th a n o l-w a te r  (4 : 1) w as added  an d  e x tra c te d  th re e  tim es w ith  p e tro leu m  




Fig. 1. Schem e of T-2 to x in  m etabolism  (1 T-2 to x in , 2 HT-2 to x in , 3 T-2 trio l, 4 N eosolanio l,
5 D eacety l-neosolanio l, 6 T-2 te tra o l)
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Fig. 2. C hrom atogram  of egg 2 days a f te r  in jection  w ith  T-2 to x in
to  d ryness. T he residue was p u rif ie d  on silica gel colum n. T h e  sam ple w as a n a ­
ly sed  b y  h igh-perfo rm ance th in - la y e r  ch ro m ato g rap h y  (H P T L C ) an d  a fte r  
s ily la tio n  by  cap illa ry  gas ch ro m a to g ra p h y  (B a ta  e t al., 1983).
R esults and discussion
D uring  te n  days o f in c u b a tio n  tw o  eggs p er day  w ere in v e s tig a te d . W h en  
T-2 to x in  w as in jec ted  in to  th e  y o lk , T-2 to x in , HT-2 to x in , neosolaniol, T-2 
tr io l, T-2 te tra o l and  tw o fu r th e r , s till un id en tified , m e tab o lite s  th o u g h t to  be 
trich o th ecen es  were found . F ig u re  1 show s th e  schem e of T-2 to x in  m etabo lism , 
an d  in  F ig . 2 th e  ch ro m ato g ram  o f an  egg in jec ted  w ith  T-2 to x in  can he seen.
Table I
B io tran sfo rm atio n  of T-2 to x in  in  em b ry o n a ted  h en ’s egg
In c u b a tio n  
tim e  in  days
T -2 to x in H T -2 to x in N eosolaniol T -2 trio l T -2 te trao l
f ig  p e r egg
0 2.90 0 0 0 0
l 1.65 1.20 0.10 0 0
2 1.00 1.35 0.27 0.10 0.10
3 0 0.15 0.18 0.95 1.80
4 ' 0.85 0.10 0.10 1.00 1.30
7 0 0.20 0.10 0.75 1.35
8 0 0 0.05 1.15 0.85
9 0 0 0 0.60 2.40
10 0 0 0 0.20 1.35
11 0 0 0 0 2.00
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Table II
B io tra n sfo rm a tio n  of DAS in em b ry o n a te d  h en ’s egg
In c u b a t io n
DAS
M o noace toxy­
sc irpeno l S cirp en trio l
tim e  in  d a y s
Hg  p e r  egg
0 3.15 0 0
l* 2.90 0.05 0
i  + 2.85 0.35 0
2* 2.65 0.80 0
2 + 2.00 1.20 0.10
3* 1.25 2.10 0.40
3 + 0.70 2.20 1.05
6 0.20 1.55 1.60
7 0.05 1.05 1.55
8 0 0.85 1.65
* processed  a .m .; + processed  p.m .
DAS, m o n o ace toxysc irpeno l, sc irp en trio l an d  tw o o th e r  m etabo lites n o t 
id e n tif ie d  so fa r (n o t id e n tic a l w ith  th e  tw o  found  in  th e  eggs in jec ted  w ith  
T -2 to x in ) were fo u n d  in  case of DAS in jec tio n .
T he resu lts  a re  su m m arized  in  T ab les I  and  I I .
I t  can be seen fro m  th e  resu lts  th a t  b o th  T-2 to x in  a n d  DAS tran sfo rm ed  
ra p id ly  in  th e  egg y o lk  a n d  m etabo lites w ere fo rm ed . A ll th e  exam ined  m e ta b ­
o lites are  tox ic  h u t  less th a n  T-2 to x in  or DAS. T he half-life  of T-2 to x in  
w as 48 -60  h and  in  8 - 9  day s i t  h y d ro ly sed  to  T-2 te tr a o l  to x in . The half-life 
o f  D AS was only  36—48 h  an d  in  7 -8  d ays a lm o st all m etabo lites co n v er­
te d  to  sc irpentrio l.
P ro b ab ly  b o th  T -2  te tra o l and  sc irp en trio l decom pose fu r th e r  in  th e  egg 
y o lk  to  unknow n m e ta b o lite s .
T he in h ib itio n  o f  deve lopm en t o f th e  ch icken  em b ry o  was a ttr ib u ta b le  
to  th e  tricho thecenes.
R eferences
B a ta ,  A ., V ányi, A. a n d  L á s z ti ty , R . (1983): S im ultaneous d e te c tio n  o f som e fusario tox ins by  
gas—liqu id  c h ro m a to g ra p h y . J .  Ass. Off. A nal. Chem. 66 (3) 577—581.
C hi, M. S., R obinson, T . S ., M irocha, C. J .  an d  R ed d y , K . R . (1978): A cute  to x ic ity  o f 12, 13- 
epoxy-trich o th ecen es in  one-day  old b ro ile r chicks. A ppl. E n v iro n . Microbiol. 35 (4) 
636-640.
E llison , R . A. and  K o tso n is , F . N . (1974): In  v itro  m etabo lism  of T-2 to x in . Appl. M icrobiol. 
27 (3) 423-427.
M atsu m o to , H ., I to ,  T . a n d  U eno, Y. (1978): T oxicological ap p ro ach es to  the  m etabo lites of 
Fusaria . J a p .  J .  E x p . M ed. 48 (5) 393—399.
R o b inson , T. S. a n d  M iro ch a, C. J .  (1976): A b s tr. 172nd A m . Chem . Soc. N atl. M eet., D iv. 
Agr. Food C hem ., A b s tr . 61.
Acta Veterinaria Hungarica 31, 1983
Acta Veterinaria Hungarica 31 (4), pp. 193 —199 (1983)
EFFICIENCY CONTROL OF EMBRYO TRANSFER RY 
PROGESTERONE ANALYSIS IN RECIPIENT HEIFERS
G. P e t h e s , 1 M a r g i t  K u l c s á r , 1 L. S á n d o r , 3 
P .  Soós2 an d  S. C s e h 3
1 D e p a rtm en t of Physio logy , U n iversity  o f V e te r in a ry  Science, H -1400 B u d ap es t, P. 0 .  B ox  2; 
2J o in t  E n te rp r ise  fo r A nim al B reeding, H -1025 B u d a p es t, K eleti К . u .;  and  3Üllő S ta tio n  
of th e  Jo in t  E n te rp rise  for A n im al B reed ing , H-2225 Üllő, H u ngary
(R eceived A u g u s t 30, 1983)
P lasm a progesterone  (P R O G ) c o n cen tra tio n  o f 129 heifers, u sed  as recip ien ts for em bryo  
tran s fe r , was m easu red  on th e  day  of se lection , a t  p resum ed  tim e o f oestru s, a t  th e  tim e  of 
em bryo  im p la n ta tio n  an d  a t  th e  tim e of possible re tu rn  to  oestrus (13 and  34 days late r). On th e  
d ay  of se lection  all heifers were in  th e  lu te a l p h ase  o f th e  cycle, as p roved  by  rec ta l p a lp a tio n . 
P reg n an cy  w as confirm ed  by rec ta l ex am in a tio n  on  th e  7 0 th -9 0 th  days.
Of th e  an im als , 50 .4%  conceived and  ca lv ed , 25.6%  received unsuccessfu l im p la n ta tio n , 
w hile in  24.0%  early  em bryonic  m o rta lity  has b een  confirm ed.
T here  w as a d iscrepancy  betw een  th e  re su lt  o f rec ta l e x am in a tio n  (presence of a co rpus 
lu teu m ) and  th e  <  5 nmol/1 (low) PR O G  level in  25 .6%  of cases. O nly 30.3%  of these heifers 
go t p re g n an t, w hile in th e  “ h igh”  PR O G  g roup  ( > 5 .0  nmol/1) 5 7 .3% . In  th e  “ high”  P R O G  
group  4 .2%  of th e  heifers failed  to  respond  to  P G F 2a sy n chron iza tion , w hile in th e  “ low ” 
PR O G  group  th e  percen tag e  of non-resp o n d en t heife rs was 45 .4% .
A t th e  tim e  of em bryo  tran sfer, PR O G  level w as < 5 .0  nmol/1 in  57.6%  of heifers o f th e  
“ low ”  PR O G  group  and  in  35.4%  of those in th e  “ h ig h ”  progesterone group.
I t  is suggested  th a t  know ledge of th e  p rogestero n e  profile of can d id a te s  for selection  as 
recip ien ts  m ay  sig n ifican tly  increase th e  e ffic iency  of em bryo  transfer.
K eyw ords. E m b ry o  tran sfe r, ca ttle , e ffic iency  contro l, p rogesterone  analysis, re c ip ie n t.
T he use o f em bryo  tra n sfe r  as a zoo techn ical p rocedure  is gaining g round  
ra p id ly  (F u lk a , 1982; N ew com b, 1982; So lti, 1981). T his tech n iq u e  differs 
from  th e  p rev ious b io techn ica l m eth o d s n o t on ly  in its  n o v e lty  b u t also in  i ts  
co m p lex ity  an d  in  th e  fa c t th a t  i t  req u ires  m ore cau tious w ork  to  be carried  
o u t successfully . Since 1977 several H u n g a ria n  au th o rs  h av e  rep o rted  th e ir  
re su lts  o b ta in ed  w ith  em bryo  tra n sfe r  in  c a tt le  and  o th e r an im al species (Becze 
e t a l., 1979; Becze e t al., 1977; H ah n  e t a l., 1978; H a ra sz ti an d  R ónay , 1977; 
M észáros, 1982; Solti, 1983; Solti e t a l., 1978). One o f th e  fu n d am en ta l b io ­
logical cond itions o f successful em bryo  tra n s fe r  is th e  a c cu ra te  coincidence of 
th e  cycle of donor an d  rec ip ien t an im als. T herefo re , an im als in  th e  lu tea l phase  
of th e  cycle are  chosen as rec ip ien ts , an d  th e y  are synch ron ized  by  P G F 2cr 
t re a tm e n t in  a p p ro p ria te  tim e. I f  th e  tr e a tm e n t  is successful, oestrus will ta k e  
p lace w ith in  3 days. In  ou r p rac tice , em b ry o  tra n sfe r  is perfo rm ed  on th e  7 th  
or 8 th  d ay  of th e  cycle.
B o th  th e  selection  of rec ip ien ts  an d  th e  ev a lu a tio n  o f th e  success o f  
P G F 2a t r e a tm e n t can  be perfo rm ed  b y  clin ica l m ethods, i.e. b y  rec ta l ex am in a ­
tio n . H ow ever, e rro rs can n o t be ru led  o u t b y  rec ta l ex am in a tio n , even if  th e
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e x a m in e r has g rea t experience. I t  seem ed, therefo re , ju s tif ie d  to  check th e  
co rrec tn ess  of th e  clin ical re su lts  b y  d e te rm in a tio n  of p lasm a  p rogesterone  
c o n c e n tra tio n . D e te rm in a tio n  o f th e  p la sm a  progesterone  co n cen tra tio n  a t  th e  
tim e  o f possible re tu rn s  to  oestrus (on th e  21st and  42nd days a fte r o estru s , 
i.e . on  th e  13th  an d  3 4 th  days a fte r  tra n sp la n ta tio n )  allows ra p id  an d  a c c u ra te  
e v a lu a tio n  of th e  effic iency  of em bryo  tra n s fe rs  and  d e tec tio n  o f early  e m b ry ­
onic losses. The p re se n t p a p e r  rep o rts  o u r experiences o b ta in e d  w ith  th e  ab o v e  
m e th o d . O ur resu lts  a re  re p o rte d  also in  H u n g a ria n , in  th e  fo rm  of an  a u th o rs ’ 
su m m a ry  due to  a p p e a r  in  M agyar Á lla to rv o so k  L ap ja  (P e th es  e t al., 1983).
Materials and methods
T he ex p erim en ts  w ere co n d u c ted  a t  th e  E m bryo  T ran sfe r S ta tio n  o f th e  
N a tio n a l A dvisory  B o a rd  for A nim al B reed in g  and  N u tr itio n  (O TÄ F), a t  Ü llő. 
I n  1980 and  1981, 129 1.5 to  2.5 y ea rs  old H u n g a rian  F leckv ieh  heifers of 
av e rag e  bo d y  co n d itio n  w ere chosen as rec ip ien ts  for su rg ica l em bryo  tra n s fe r .
B y  rec ta l e x am in a tio n , all an im als w ere found to  be in  th e  lu te a l phase  
(d ay s  6-14) of th e  cycle. O n th e  d a y  o f se lection  for tra n s fe r  th e  heifers w ere 
g iv en  P G F 2a (20 m g E n z a p ro s t F  in j. ad  us. v e t., C hinoin). The m a jo rity  o f 
an im als  began  to  show  th e  sy m p to m s o f o estru s  w ith in  72 h . On the  10 th  d ay  
a f te r  t re a tm e n t ( th e  8 th  d ay  o f th e  cycle), an  8 days old em b ry o  was su rg ica lly  
im p la n te d  to  th e  u te r in e  ho rn  ip s ila te ra l w ith  th e  corpus lu teu m . The success 
o f  im p la n ta tio n  w as checked  b y  re c ta l ex am in a tio n  p erfo rm ed  70-90 d ays 
a fte rw a rd s .
F o r p ro geste rone  analysis, b lood  sam ples were ta k e n  from  th e  ju g u la r  
v e in  in to  hep arin ized  tu b e s  a t  th e  fo llow ing sam pling  tim es: a t  selection  fo r 
tr a n s fe r  (day  —3), a t  th e  p resum ed  tim e  o f oestrus (d ay  0), a t th e  tim e  o f 
em b ry o  im p la n ta tio n  (d ay  8) an d  a t  th e  tim es of possible re tu rn s  to  o e s tru s  
(d a y s  13 an d  34 a f te r  em bryo  im p la n ta tio n , w hich co rrespond  to  days 21 an d  
42 o f  p regnancy). T h e  sam ples w ere cen trifu g ed  on th e  sp o t, t ra n sp o r te d  to  
th e  la b o ra to ry  an d  s to red  a t  — 20 °C u n til  used.
T he p rogeste rone  co n cen tra tio n  w as determ ined , a f te r  e x tra c tio n  w ith  
d ie th y l e th e r, acco rd ing  to  Pérez (1979) b y  rad io im m u n o assay  using a n tib o d y  
o f 1 : 6000 d ilu tio n  an d  designated  as G -254-H . The m easu ring  erro r w ith in  
series w as 5 .7% , w hile th e  in ter-series e rro r  was 9 .7% . T he b ind ing  p e rcen tag e  
o f  a n tib o d y  w as 3 8 % , while th e  s e n s itiv ity  lim it of th e  m ethod  16 pm ol/l 
(5 pg /m l).
E m b ry o  tra n s fe r  w as considered  unsuccessfu l if  p rogeste rone  c o n c e n tra ­
tio n s  low er th a n  3.5 nmol/1, c h a ra c te ris tic  of non-conceived  an im als, w ere 
fo u n d  on tw o su b seq u en t occasions, an d  th e  rec ta l e x am in a tio n  ca rried  o u t 
b e tw een  days 70 a n d  90 also gave a  n eg a tiv e  resu lt, i.e. co nsisten t w ith  th e
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ab o v e  progesterone  co n cen tra tio n . Successful em bryo tra n s fe r  w as in d ic a te d  
b y  p rogeste rone  co n cen tra tio n s h igher th a n  4 .0 -4 .5  nmol/1 a t  th e  above tim es , 
a n d  b y  a rec ta l f in d in g  w hich con firm ed  p regnancy . In  cases w hen  th e  f irs t , 
o r b o th , p rogesterone  levels in d ica ted  successful tran sfe r, b u t  re c ta l p a lp a tio n  
perfo rm ed  betw een  days 70 and  90 fa iled  to  confirm  p reg n an cy , d e a th  o f th e  
im p la n te d  em bryo  b e tw een  days 21 a n d  42, or possib ly  a f te r  d a y  42, o r an  
a lte ra tio n  of cycle len g th  was p o s tu la te d . S ta tis tic a l ev a lu a tio n  w as p erfo rm ed  
b y  S tu d e n t’s i te s t  (p rogesterone co n cen tra tio n ) and  by  th e  help  o f a so-called  
fo u r-sq u are  tab le  (frequency  d is tr ib u tio n ).
Results
O f th e  129 rec ip ien t an im als, 65 (50 .4% ) conceived an d  ca lved  (group  I), 
33 (25 .6% ) received  unsuccessful im p la n ta tio n  (group I I ) ,  w hile in  fu r th e r  31 
heifers (24 .0% ), in  sp ite  o f a p ro b ab ly  successful im p la n ta tio n , th e  tra n s fe rre d  
em bryos died (group  I I I ) .  In  5 cases em b ry o n ic  d e a th  occurred  b e tw een  days 
21 a n d  42, while in  26 heifers a fte r  d a y  42. T he resu lts  o f p ro g este ro n e  assays 
are  sum m arized  in  F ig . 1.
nmol/HSEM
29' □  conceived
■  unsuccessful transfer 
Id early embryonic mortality
-3  0 *8 »21 * 42 days
Fig. 1. P lasm a  progesterone co n cen tra tio n s  in  recip ien t heifers
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F ig . 2. a C orrectly se lec ted  heifers (progesterone co n cen tra tio n s  above 5.0 nm ol/l); b in co rrec tly  
se lec ted  h e ife rs (progesterone co n cen tra tio n s  below  5.0 nm ol/l)
In  33 of th e  129 an im als (25.6% ), th e  clin ical ex am in a tio n  perfo rm ed  on 
th e  d ay  of se lec tin g  fo r em bryo tra n s fe r  an d  th e  p rogesterone  assay  gave 
d isc rep an t re su lts : in  such  cases th e  p lasm a  p ro geste rone  co n cen tra tio n  w as 
low er th a n  5.0 n m o l/l in  sp ite  of th e  re c ta lly  p a lp a te d  corpus lu te u m . O nly  
10 o f these  heifers becam e  p reg n an t (30 .3% ), w hile in  th e  rem ain d er (69 .7% ) 
tra n s p la n ta t io n  w as unsuccessfu l or th e  em b ry o  d ied  a fte r  being im p lan ted .
In  th e  re m a in in g  96 heifers (74 .4% ) o f th e  129, th e  p rogesterone  co n ­
c e n tra tio n  of th e  b lo o d  p lasm a ( > 5 .0  nm ol/l) ag reed  w ith  th e  re su lt o f re c ta l 
ex am in a tio n . O f th e s e  96 heifers, 55 (57 .3% ) conceived, th e  em bryo d ied  in  18 
(18 .7% ), w hile th e  tra n s p la n ta t io n  w as unsuccessfu l in  23 (24.0% ). O f th e  33 
an im als  regarded  as in co rrec tly  selected  on th e  basis of th e  m easured  p ro g este ­
rone  c o n cen tra tio n , 15 (45.4% ) failed to  resp o n d  to  P G F 2(J and 19 (57 .6% ) h ad  
p rogeste rone  levels low er th a n  th e  req u ired  m in im um  (5.0 nm ol/l) on th e  d ay  
o f  tra n sp la n ta tio n .
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O f th e  96 heifers w ith  p lasm a p ro g este ro n e  co n cen tra tio n s  h igher th a n  
5.0 nmol/1 on th e  d a y  of selection, on ly  4 (4 .2% ) failed  to  respond  to  P G F 2a, 
an d  34 an im als (3 5 .4 % ) h ad  low er th a n  d esirab le  p lasm a  p rogesterone  on th e  
d ay  o f tran sfe r. P la sm a  p rogesterone  c o n cen tra tio n s  m easu red  in  th e  tw o  
groups o f an im als a re  show n in Fig. 2.
D iscussion
T he above re su lts  ind ica te  th a t  th e  d e te rm in a tio n  o f progesterone  in  th e  
p lasm a of heifers receiv ing  em bryo  tra n s fe r  p rov ides re su lts  u tilizab le  in  
several w ays.
I t  is s tr ik in g  th a t  th e  heifers w ith  a p lasm a  p ro g este ro n e  c o n cen tra tio n  
low er th a n  d esirab le  (ab o u t 5 nmol/1) on th e  d ay  o f sy n ch ro n iza tio n  resp o n d  
to  th e  in jec tion  o f  P G F 2a less freq u en tly  (P  <  0.01) th a n  th e  anim als h av in g  
a w ell-function ing  co rp u s lu teu m . S u b seq u en tly , on th e  d ay  o f em bryo t r a n s ­
fer, n early  60%  o f th e  heifers w ere in  an  end o crin e  s ta tu s  su b o p tim a l or u n s u it­
able for em bryo  im p la n ta tio n  (p lasm a p ro g este ro n e  low er th a n  5 nmol/1). T h is 
w as p ro b ab ly  due  to  an  ineffic ien t sy n ch ro n iza tio n . T he difference b e tw een  
th e  tw o groups o f he ifers was also s ig n if ican t (P  <  0.05) in  respect of th e  
p ro p o rtio n  of an im als  w ith  p lasm a p ro g este ro n e  co n cen tra tio n s  above 5 nmol/1 
on th e  d ay  of tra n s fe r . In  p a r t  of th e  cases, th e  fa ilu re  o f synch ro n iza tio n  w as 
p ro b ab ly  due to  th e  in su ffic ien t P G F 2a doses app lied  (20 m g/anim al); p re ­
sum ab ly , 25-30 m g doses w ould have  re su lte d  in  b e tte r  sy n ch ro n iza tio n  (S o lti, 
1983). Since, how ever, all anim als received  th e  sam e dose, th e  P G F 2a dose 
used can n o t acco u n t fo r th e  difference o b serv ed  be tw een  th e  tw o g roups 
o f heifers.
These fac ts  ex p la in  w hy ab o u t 30%  o f th e  heifers receiv ing  unsuccessful 
tran sfe rs  and  a b o u t 40%  of those  w ith  em b ry o n ic  m o rta li ty  cam e from  a 
group rep resen tin g  a b o u t one-fourth  o f th e  to ta l  n u m b e r o f anim als, w hile 
on ly  30%  o f th e  conceived  heifers be longed  to  th is  g roup . As regards th e  
n u m b er of conceived  an im als, th e re  was a s ig n ifican t (P  <  0.01) difference 
betw een  th e  tw o g roups. N a tu ra lly , th e  h igh  ( > 5 .0  nmol/1) p la sm a  progesterone 
c o n cen tra tio n  fo u n d  on  th e  day  of sy n ch ro n iza tio n  an d  tra n s p la n ta tio n  c an n o t 
in  itse lf  g u a ran tee  th e  success of tran sfe r. H ow ever, on th e  basis  of our re su lts  
i t  is ev id en t th a t  b y  p ro geste rone  assay  p erfo rm ed  on th e  d a y  o f synch ron iza­
tio n  an d , based  on th e  re su lts  thereof, b y  exclusion  o f heifers w ith  in su ffic ien t 
p lasm a p rogesterone  co n cen tra tio n s from  em b ry o  tra n s fe r , th e  efficiency o f 
tra n sfe r  can  be g re a tly  increased .
P rogesterone  a ssay  can p lay  an  im p o r ta n t  role also in  th e  rap id  a n d  
accu ra te  ev a lu a tio n  o f  th e  efficiency o f em b ry o  tra n s fe r . O n th e  13th  and  3 4 th  
day s a fte r  tra n s p la n ta t io n , th e re  are  h igh ly  sig n ifican t (P  <  0.001) differences
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in  p la sm a  p rogesterone  betw een  conceived  an im als and  th o se  th a t  have received  
an  unsuccessfu l tra n s fe r . R ecip ien t an im als  th a t  have received  unsuccessfu l 
em b ry o  tra n sfe r  an d  th o se  bearing  e m b ry o s  died  a fte r  im p la n ta tio n  are  re liab ly  
d is tin g u ish ab le  on th e  g ro u n d  of th e  p la sm a  progesterone  level. B y  clin ical 
e x a m in a tio n  th e  la t te r  can  be d is tin g u ish ed  only in  case i f  th e y  re tu rn  to  
o e s tru s . T hus, p lasm a  p rogesterone  fu rn ish es  im p o rta n t, o therw ise  u n o b ta in ­
ab le , ad d itio n a l in fo rm a tio n  on th e  e ffic iency  of em bryo  tra n sfe r .
T h e  p resen t re su lts  suggest t h a t  th e  risk  of em bryon ic  d e a th  is h ig h es t 
in  th e  period  a ro u n d  th e  tim e  of im p la n ta tio n  (we q u a lified  th ese  rec ip ien t 
h e ife rs  as those h av in g  received unsu ccessfu l tra n sp la n ta tio n ) . T his is well 
in d ic a te d  by  th e  low  p ro geste rone  c o n c e n tra tio n  found on d a y  13 a f te r  im p la n ­
ta t io n  (i.e. d ay  21 o f  th e  cycle). O ur experiences suggest t h a t  th e  p ro b a b ility  
o f  em b ry o n ic  losses is re la tiv e ly  low  b e tw een  days 14 an d  34 a fte r  im p la n ta tio n , 
w h ile  from  d ay  34 to  day s 70-90 (i.e. u p  to  th e  tim e  of re c ta l ex am in a tio n ) th e  
r isk  o f  em bryonic  d e a th  is again  h ig h er.
A u th o rs  dealing  w ith  em bryo  tra n s fe r  have s tu d ie d  th e  p ro geste rone  
c o n c e n tra tio n  p r im a rily  in  donor an im a ls  (Solti e t al., 1978), an d  th e re  are  
o n ly  few  d a ta  as reg a rd s  th e  p ro g este ro n e  con cen tra tio n s o f rec ip ien t an im als.
In  th e ir  s tu d ies  on m ilk  p ro g este ro n e  levels, H ah n  e t al. (1977) o b served  
g re a t  dev ia tio n  in  v a lu es  m easured  on  th e  7 th  day a fte r o estru s , and a t t r ib u te d  
th is  to  th e  in ad eq u acy  o f sy n ch ro n iza tio n . H asler e t al. (1980) found  s ig n ifi­
c a n tly  h igher p ro g este ro n e  co n c e n tra tio n s  in  blood sam ples ta k e n  on days 
20—22 a fte r  em bryo  tra n s fe r  from  p re g n a n t anim als th a n  in  th o se  o b ta in e d  
fro m  n o n -p reg n an t ones. The h igher p rogeste rone  levels found  in  an im als  w ith  
a sh o r te r  d u ra tio n  o f oestru s (H asle r  e t al., 1980) suggest th a t  th e  b e ta -  
c a ro te n e  supp ly , w hich  is re la ted  to  th e  conception ra te  (M észáros, 1982), 
m a y  also have a ro le  in  th e  above p h en o m en o n  (P e th es  e t a l., 1983).
O ur resu lts  ag ree  w ith  those  o f G enazzan i e t al. (1980) w ho, b ased  on  a 
d iffe re n t sam pling  sy s tem , suggested  t h a t  know ledge o f th e  p re -sy n c h ro n iz a ­
t io n  p lasm a p ro g este ro n e  c o n c e n tra tio n  prom otes th e  selection  o f su itab le  
rec ip ien ts . O th er a u th o rs  (R em sen  e t  a l., 1982) concluded  to  th e  effic iency  of 
em b ry o  tra n sfe r  from  th e  p ro g este ro n e  co n cen tra tio n  m easu red  on th e  d ay  
o f  tra n s fe r . T h ey  re p o rte d  a low er concep tion  ra te  w hen  th e  p ro g este ro n e  
co n c e n tra tio n  w as 2.0 ng/m l. A ccord ing  to  sim ilar o b se rv a tio n s  m ade b y  th e  
p re se n t au th o rs , how ever, p ro g este ro n e  assay  p erfo rm ed  before  sy n c h ro n iz a ­
t io n  is th e  m eth o d  o f choice u n d e r th e  cond itions of H u n g a ria n  an im al b reed in g  
p ra c tic e , since th is  m e th o d  gives re liab le  and  u tilizab le  re su lts . T h e  p re se n t 
d a ta  suggest th a t  th e  efficiency o f  em b ry o  tran sfe r can  be co n sid e rab ly  im ­
p ro v e d  b y  selecting  an im als w ith  p la sm a  progesterone co n cen tra tio n s  h ig h er 
th a n  5 nmol/1.
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A cknow ledgem ents
The p re sen t stud ies were perform ed w ith in  th e  fram e of a re sea rch  p ro jec t (R B /1821) of 
th e  In te rn a tio n a l A tom ic E n erg y  A gency (V ienna), to  whom  one of th e  au th o rs  (G. P e th es)  is 
in d eb ted . The sam e a u th o r owes Professor F . H e rte len d y  (St. Louis, U. S. A.) th an k s  fo r p ro ­
viding th e  p rogesterone an tiserum .
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GROWTH DYNAMICS OF THE PELVIC REGION
IN CATTLE
L. B a r t o s i e w i c z
In s t i tu te  o f A rchaeology, H u n g a rian  A cadem y o f Sciences,
1250 B u d ap es t, Ú ri u. 49, H u n g a ry
(R eceived  Ju n e  13, 1983)
T he analysis of g ro w th  tendencies o f in te rn a l pelv ic m ea su re m e n ts  in  78 L im ousine X 
R ed  an d  W hite H u n g a rian  fem ales revea led  several p o in ts  o f in te re s t  re la te d  to  th e  u n d e r­
stan d in g  of th e  fo rm atio n  of th e  b ir th  canal.
O f th e  th ree  m easu rem en ts  ev a lu a ted  here, in te rp so ad ic  d is tan c e  an d  in te rtu b e ro u s  
d istan ce  are m o st co rre la ted  w ith  each  o th e r b u t  have d iffe ren t g ro w th  ra te s . W hen  com pared  
to  each  o th er, d ifferen tia l g ro w th  of these  tw o m easu rem en ts  p o in ts  to  fa s te r  w idening in  th e  
c ran ia l section  of th e  pelv is. E x te rn a l  w id th s of the  h in d q u a rte rs  in  a d u lt  cows, on  th e  o th e r 
h a n d , d isp lay  m uch  m ore ha rm o n ic  g row th , th u s  b iasing  ca lcu la tio n s a im ed  a t  the  accu rate  
e s tim a tio n  of in te rn a l s tru c tu re  u sing  such  easily  m easu rab le  e x te rn a l dim ensions.
K eywords. G row th  dy n am ics, pelv is, cattle .
In  ad d itio n  to  th e  genetica l w ork  invo lved  in  p la n n in g  o f crossing p ro ­
g ram m es, efforts m u st be m ade to  m inim ize costs a t  all levels. One o f th e  
prob lem s arising  from  th e  im p ro v em en t of b eef p ro d u c tio n  is th e  co n trad ic tio n  
b e tw een  th e  size o f dam s an d  th a t  o f sires be longing  to  la rg e -s ta tu re  breeds 
w ith  superio r beef y ield . In  ex trem e  s itu a tio n s , ca lv ing  d ifficu lties m ay be th e  
source o f a s ign ifican t econom ic loss an d  th u s  are  o f m a jo r concern  to  v e te r i­
n a rian s . T he d e te rm in a tio n  o f pelv ic  dim ensions using  e x te rn a l m easu rem en ts 
of th e  h in d q u a rte rs  has la rg e ly  been  unsuccessfu l. T h is p a p e r  is an  a tte m p t 
to  a t  le a s t p rov ide  a p a r t ia l  ex p la n a tio n  of th is  p rob lem , u sing  a sam ple each 
of e x te rn a l an d  in te rn a l pe lv ic  m easu rem en ts.
M ateria ls and  m ethods
A lthough  p ro b lem atic  ca lv ing  is n o t th e  case w ith  th e  offspring p roduced  
by  th e  beef-purpose L im ousine b reed  and  th e  d u a l-p u rp o se , F leckv ieh -type  
R ed  an d  W h ite  H u n g a ria n , th e  m ain  bo d y  o f d a ta  in  th is  s tu d y  comes from  
Fj  ^ an d  R x fem ales o f th is  crossing. B o th  g en era tions a re  b a sed  on th e  use o f 
frozen sem en from  L im ousine sires. In  a p rev ious s tu d y  (B artosiew icz an d  
Gere, 1983) th e  m ean  va lu es  for th e  th ree  m ain  in te rn a l m easu rem en ts  d id  n o t 
show  sign ifican t d ifferences a t  a P  0.05 level. T hese th re e  m easu rem en ts, 
th e  m ed ian  d iam ete r (co n ju g a ta  ve ra ), in te rp so ad ic  d is ta n c e  (d iam eter t r a n s ­
versa  a p e r tu ra e  pelvis in te rm ed iae ) an d  in te r tu b e ro u s  d is tan ce  (d iam eter tra n s -
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v e rs a  ap e rtu ra e  pelv is caudalis) w ere u sed  again  in  th is  s tu d y  an d  p lo tte d  
a g a in s t  each o ther in  lo g a rith m ic  b iv a r ia te  p lo ts . This te c h n iq u e  is w idely  used  
in  p ro d u c in g  sim ple lin e a r  eq u a tio n s  re a d ily  availab le  fo r easy  in te rp re ta tio n  
o f  th e  re la tiv e  g ro w th  process (F á b iá n , 1959; Gere an d  B arto siew icz , 1979a; 
B arto siew icz , 1981, e tc .). Slopes o f th e  fu nc tions o b ta in ed  th is  w ay  are  th e  
g ra p h ic  re p re sen ta tio n  o f  th e  g ro w th  coefficients w hich  show  eq u a l g row th  
in te n s i ty  for th e  in d e p e n d e n t a n d  d ep e n d e n t variab les w hen  ta n g e n t a  equals 1 
(B ro d y , 1927; F á b iá n , 1969).
T h e  th ree  lin e a r  a n a to m ica l p a ra m e te rs  were m easu red  in  v ivo  on 78 
a n im a ls  a t  th e  N agy k ő rö s S ta te  F a rm  an d  p rov ided  th e  raw  d a ta  fo r te s tin g  
th e  follow ing a lte rn a tiv e  hy p o th eses:
H „: There is no  d ifference b e tw een  th e  g row th  d y n am ics  o f in te rn a l 
pelvic m easu rem en ts  in  th e  s tu d ied  p o p u la tio n .
H r: The p ro p o rtio n s  d efin ed  b y  th e se  m easu rem en ts  a re  c o n s ta n t, b u t 
resu lt from  th e  d iffe ren tia l g ro w th  of in te rn a l pe lv ic  d im ensions.
T he resu lts o f ca lcu la tio n s shou ld  n o t be accep ted  un less con firm ed  b y  
a  s ig n if ican t co rre la tio n  (G uilfo rd , 1956) a t  a P  0.05 level.
R esults
G row th ten d en c ies  o f  th e  in te rn a l pelv ic  m easu rem en ts  a re  ch a rac te rized  
b y  th e  allom etric  e q u a tio n s  show n in  T ab le  I . C onsidering th a t  o n ly  a low , b u t 
s ig n if ic a n t, co rre la tio n  seem s to  e x is t be tw een  each p a ir  o f v a riab le s , we paid  
m a jo r  a tte n tio n  on ly  to  th e  re la tio n sh ip  betw een  th e  tw o  w id th  m easu rem en ts  
( in te rp so ad ic  ‘d is tan ce  an d  in te r tu b e ro u s  d istance) m ark ed  b y  th e  h ighest
Table I
A llo m e tric  eq u ations describ ing  th e  in te rre la tio n sh ip s  betw een  th e  th re e  in te rn a l pelvic 
m easu rem en ts  and  u n iv a r ia te  s ta tis tic s  of th e  in p u t  d a ta  
(a ll m easu rem en ts  in cen tim eters)
In d ep e n d e n t va riab le s  (x )
D e p e n d e n t variab les (y) lg (m ed ian  d iam e te r) lg ( in te rp so a d ic  d istan ce)
G ro w th  coeff. r G ro w th  coeff. r
lg  (in te rpsoad ic  d istance) 
lg  ( in te rtu b ero u s  d istance)
y  =  0.7658 +  0.2885* 
y  =  0.7727 +  0.2886*
0.2616*
0.2475* y  =  0 .660 6 + 0 .4 1 8 4 *  0.3958***
U n iv a ria te  s ta tis tic s  (n =  78)
X s d c v
M edian d iam e te r 17.3820 1.0562 0.0608
In terp so ad ic  d istance 13.2923 1.0622 0.0799
In te rtu b e ro u s  d istance 14.0276 1.0659 0.0760
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coefficient o f co rre la tio n  w hich  is also sign ifican t a t  a P  <7 0.001 level, fa r  
beyond  th e  va lu e  requ ired  b y  th e  te s t  im p lica tions. In  th is  case one can  re a so n ­
ab ly  s ta te  t h a t  th e  coefficient o f grow th  is in d ica tiv e  o f a re la tiv e ly  slow w id en ­
ing in  th e  cau d a l pelvic region ch a rac te rized  b y  th e  in te r tu h e ro u s  d is tan ce .
D iscussion
In  o rd er to  p ro p erly  view  th e  re la tio n sh ip  b e tw een  th e  tw o w id th  m eas­
u rem en ts  e s tab lish ed  in  T ab le  I , th e  re su lts  w ere p laced  in  a w ider c o n te x t. 
E x te rn a l h in d q u a r te r  m easu rem en ts o f 78 L im ousine X  H u n g arian  F leck v ieh  
cows were u sed  to  p rov ide  a b ack g ro u n d  to  th is  s tu d y .
W hen  ru m p  w id th  (m easured  b e tw een  th e  p in  bones) is p lo tte d  a g a in s t 
h ip  w id th  (m easu red  betw een  th e  hooks) in  th e  sam e logarithm ic  sy s tem , in  
w hich c ran ia lly  lo ca ted  (ex te rn a l an d  in te rn a l)  pelv ic w id th  m easu rem en ts  are  
in d ep en d en t v a riab le s , th e  ten d en cy  show n in  F ig . 1 becom es a p p a re n t. I n  th e  
ligh t o f p rev io u s research  (Gere an d  B artosiew icz, 19796) th is  m ay  he in te r ­
p re ted  as fo llow s: while th e  tw o e x te rn a l w id th s  o f th e  h in d q u a rte rs  show  a 
harm onic g ro w th  m ark ed  b y  a slope a lm o st p a ra lle l w ith  th e  iso m e try  line 
(y =  x) of th e  coo rd in a tes , th e  w idening  o f pelv ic c a v ity  is fa s te r c ran ia lly , 
w here th e  in te rp so a d ic  d istance  is m easu red . T his is w h y  i t  is im possib le  to  
o b ta in  reliab le  d a ta  concerning th e  b ir th  can a l b y  exclusively  g a th e rin g  
ex te rn a l m easu rem en ts .
A t th e  sam e tim e , th is  ten d en cy  increases th e  “ b o ttle n e c k ”  caused  b y  
th e  bony  rin g  fo rm ed  b y  th e  sacral bone an d  pelv is a t  th is  end. In  th e  reg io n
F ir . 1. The a llo m etric  g row th  of e x te rn a l (con tinuous line) an d  in te rn a l (dashed  line) pelv ic  
w idths. D im ensions m easu red  on th e  c ran ia l end  of pelv is w ere u sed  as in d ep en d en t v a riab les . 
T he convergence of slopes show s d iffe ren t g row th  in ten sitie s
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Table II
C om parison betw een  th e  pelvic indices (an d  e x te rn a l h in d q u a rte r  m easu rem en ts) 
o f  beef-purpose  (L im ousine  X  H u n g a rian  F leck v ieh ) a n d  da iry  (H o lste in  F riesian ) cows 
(a ll m easu rem en ts in  cen tim ete rs)
B e e f  c a tt le  (n  =  78) X sd cv
P e lv ic  in d ex  (% )
M i n i m u m A verage  M axim um
L im ousine X  R ed and 
W h ite  H u ngarian  Fj 
C rania l: h ip  w id th  







203.5666 204.2678 204.5967 
R ange =  1.0303%
D a iry  c a tt le  (n  =  70)
H o lste in  F riesian
C ranial: hip w id th 53.1251 1.0420 0.0196 197.4069 202.7683 208.1847
C audal: rum p  w id th 26.1999 1.0919 0.0417
R ange =  10.7780%
o f th e  m ore cau d a lly  lo ca ted  in te r tu b e ro u s  d istance  soft tissues c o n tr ib u te  
m ore  to  th e  ac tu a l size o f th e  b ir th  canal.
T he d iffe ren tia l g ro w th  of in te rn a l a n d  ex te rn a l ru m p  m easu rem en ts  
p ro b a b ly  co n tr ib u te s  to  th e  fac t th a t  co rre la tio n s  betw een  th ese  tw o sets of 
d im ensions are  d y n am ica lly  changing  a n d  a re  th u s  less usefu l in  e s tim a tin g  
ca lv in g  p ro p erties  (H olló  e t al., 1976). Cseh (1973), on th e  o th e r  h an d , s ta te s  
t h a t  a 170 to  180 h ip  w id th  to  ru m p  w id th  p ercen tag e  is ideal for easy  ca lv ing . 
E x p erien ce  also show s th a t  ju d g in g  e x te rn a l ru m p  fo rm atio n  m ay  be w idely  
u sed  in  p red ic tin g  ca lv in g  ease: th e  w ider th e  ru m p  th e  easier th e  de livery  o f 
th e  ca lf  (H FA A , 1982).
T ab le  I I  co n ta in s  u n iv a ria te  s ta tis tic s  fo r th e  ex te rn a l raw  d a ta  p lo tte d  
in  F ig . 1. A sam ple o f 70 d a iry  H o lste in  F rie s ia n  cows is p re sen ted  as a p ara lle l 
to  em phasize  th e  g re a te r  v a ria b ility  in  com p ariso n  w ith  th e  hom ogeneous F x 
g en e ra tio n  of a b eef-o rien ted  crossing.
A lthough  e ith e r  o f these  breeds h a v e  special calv ing  p rob lem s, pelv ic  
in d ices  fall c o n sis ten tly  above 200% . T h e  im pressive h om ogeneity  o f th e  Fj  ^
g e n e ra tio n  could be seen in  th e  e v a lu a tio n  o f in te rn a l pelv ic m easu rem en ts  as 
w ell (B artosiew icz a n d  Gere, 1982). T h u s, a v e ry  ind irec t, b reed-specific  re la ­
tio n sh ip  m ust be assum ed  betw een  th e  e x te rn a l and  in te rn a l m easu rem en ts  
o f th e  pelvic region, w hich  m ay  even be in flu en ced  by  chang ing  u n ifo rm ity  in  
th e  v a rious g en era tio n s o f th e  crossing (F á b iá n , 1969).
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728 pp.
T he developm ent o f  m o d ern  livestock  breeding calls fo r a w ide ap p lica tio n  of th e  m ost 
u p -to -d a te  selection m eth o d s  an d  breed ing  techn iques. T h a t  is w h y  th e  p ro g en y  tes tin g , th e  
p lan n in g  and  o rg an izatio n  of b reed ing  prov id ing  a g re a t se lec tion  pressure , as well as in cer­
ta in  dom estic  an im al species a reaso n ab ly  applied  inb reed in g  an d  line b reed ing  p lay  an  ever 
increasing  role. These m eth o d s of increasing  th e  volum e an d  econom ic efficiency of p ro d u c tio n  
are necessarily  accom panied  b y  th e  m ore freq u en t occurrence  of th e  genes th a t  fo rm  th e  genetic  
basis o f th e  s ta n d a rd  q u a litie s th a t  are expected  to im prove . A t th e  sam e tim e, how ever, beside 
th e  genes p red eterm in in g  th e  desired  properties , a m ore fre q u e n t m an ifes ta tio n  of h a rm fu l fac ­
to rs  rep resen tin g  genetic  ab n o rm alitie s  m u st be reckoned  w ith . In  th is  re sp ec t a p a r tic u la r ly  
g re a t dan g er m ay  arise fro m  th e  overfavoriza tion  of a sire b y  a rtif ic ia l in sem in a tio n  an d  d eep ­
freezing of sperm , if  i t  carries recessive genes of som e gen etic  a b n o rm a lity  in a heterozygous 
s ta te  o f genotype. The fa c t th a t  in  consequence of th e  ra p id  dev elo p m en t of th e  tech n iq u e  of 
sperm  p re serv a tio n  an d  b io techn ics as a whole (inch em b ry o  tra n s fe r  and  deep-freezing), th e  
h e re d ita ry  p rop erties  o f a n y  h igh ly-qualified  m ale (an d  to  som e e x te n t o f fem ale) can  be p ro p ­
a g a ted  in tim e and  space a lm o st boundlessly , fu r th e r  increases th e  im p ortance  of disclosing 
an d  s tu d y in g  th e  genetic  anom alies and  exercising a sy s te m atic  con tro l over th em . T he p re ­
v e n tio n  of these  losses is th e  jo in t  ta sk  of an im al b reed ers  an d  v e te rin a ry  surgeons specially  
tra in ed  in  th e  genetics o f dom estic  an im als. The organs an d  in s titu tio n s  o f b reeding m an ag e­
m e n t have  a v e ry  g re a t re sp o n sib ility  in th is  field , w ith  specia l reg ard  to  th e  in te rn a tio n a l 
in te g ra tio n  of b reed ing  w ork  (exchange of b reed ing  an im als  a n d  deep-frozen sperm  as w ell as 
em b ry o s , e stab lish m en t o f sperm  b an k s e tc .), an d  e x p lo ra tio n  an d  u tiliz a tio n  of gene resources.
F ro m  th e  ab o v e-o u tlin ed  s itu a tio n  i t  is clear th a t  th e  A u th o r  —  who was e n title d  b y  his 
w ide know ledge of th e  specia l l ite ra tu re , several decades o f p ra c tic a l experiences and  e x p eri­
m en ta l in v estiga tions to  w rite  th is  w ork (published  as h is p o sth u m o u s w riting) —  u n d e rto o k  
an  ex trem e ly  im p o rta n t, tim e ly  and  involved ta sk  w hen p re p a rin g  th e  m an u scrip t o f th is  com ­
prehensive  and  p ioneering  w o rk  of th e  H u n g a rian  special l ite ra tu re  w hich  is also o f in te rn a ­
tio n a l in te res t.
T he book ru n s  to  728 pages w ith  a large n u m b er (307) o f illu stra tio n s, and  is d iv ided  in to  
th e  follow ing m ain  ch ap ters :
I. G eneral considera tions (im portance  of hered o p a th o lo g y  in  an im al b reeding and  p ro d u c ­
tio n ; th e  m ode of in h eritan ce  of perform ance-lim iting  c h a ra c te rs ; im p ortance  o f th e  e lim ­
in a tio n  of u n d esirab le  q u a lities and  th e  role o f b reed in g  hygiene in selection; th e  fre ­
q uency  of develo p m en ta l d isorders and patho log ical co n d itions; le th a l defects and  d is­
eases; h e red ita ry  p red isp o sitio n  to  diseases; p re v en tio n , id en tif ic a tio n  and  e lim ination  
of h e red ita ry  c o n s titu tio n a l d isorders; th e  role o f a rtif ic ia l in sem ination  in  p rev en tin g  
th e  sp read  of ab n o rm a litie s; th e  scope of b reed ing  hygiene in  large-scale p ro d u c tio n  sy s­
tem s; th e  hered o p a th o lo g ica l im p ortance  of in b reed in g ; th e  im p a c t o f inbreed ing  and 
crossbreeding on c a tt le  p ro d u c tio n ; th e  im p ac t o f in b reed in g  on large-scale sw ine p ro ­
d u c tio n ; b reed ing  hygiene in line- and crossbreeding o f sw ine; th e  effect o f inbreed ing  
on  th e  perform ance of th e  horse; th e  im p ac t o f inb reed in g  depression  and crossbreeding
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in  o th e r  dom estic an im al species; im m unolog ical aspects of he red o p a th o lo g y  in  dom estic  
an im als).
I I .  C y togenetic  and clin ical a spects o f co n stitu tio n a l ab n o rm a lity  (cy to g en etic  s tu d y  of 
a b n o rm a litie s  in b o d y  c o n s titu tio n ; ty p es  o f  in te rse x u a lity ; in te rsex u a l d ev elo p m en t in  
d o m estic  anim als; d iagnosis of in te rse x u a lity ; te s ticu la r  fem in ization).
I I I .  F e r t i l i ty  and p ro lific ity  (b reed ing  hyg iene  p rob lem s in  tw inn ing ; d isorders o f re p ro d u c ­
t iv e  efficiency in  sires; c ry p to rch id ism ; h e red ita ry  abnorm alitie s of th e  m ale  germ  cell).
IV . H e re d ita ry  rep ro d u c tio n  d isorders in  fem ale dom estic  anim als (th e  role o f genetic  p re ­
v e n tio n  in  ste rility  co n tro l; h e r ita b ility  o f ce rta in  fe rtility  facto rs; d ifferences in  fe rtil­
i ty  in  large  dairy  u n its ;  fam ilia l co rre la tio n s be tw een  life-span and  fe r ti l ity ;  h e red ita ry  
fa c to rs  responsible fo r p re - and  p o s tn a ta l  losses in  c a tt le ;  chrom osom e a b e rra tio n s  re ­
sponsib le  for early  fe ta l d e a th ; co n s titu tio n a l ch arac te ris tics  of fe rti l ity  an d  v igour in 
b reed in g  horses; c o n s titu tio n a l differences in  sow p ro lific ity ; p e rin a ta l losses in  sheep, 
g o a t, p o u ltry  and  ra b b its ) .
V . H e re d ita ry  ab n o rm alitie s  in  m etab o lism  (m etabo lic  diseases; th e  enzym e-d iagnostic  
a p p ro ac h  to  m etabolic  d iso rders; m etab o lic  d isorders in  various an im al species; dw arfism , 
n an o so m ia ; hy d ro p s co n g en itu s u n iv ersa lis ; m yodegenera tion).
V I . H ered o p a th o lo g y  of o rgans an d  organ  system s (co n stitu tio n a l d iso rders o f sk in  and  
h a ir ;  anom alies o f th e  b ead , neck , v e r te b ra l co lum n and  cen tra l ne rv o u s sy s tem ; con­
d itio n s  responsible fo r a ta x ia ;  h e re d ita ry  anom alies o f th e  eye).
V I I .  T h e  g astro in te stin a l t r a c t  (anom alies o f th e  g a stro in te s tin a l t r a c t ;  in h e ritan c e  of p re ­
d isposition  to  hern ia).
V I I I .  R e sp ira to ry  diseases.
I X .  T h e  c ircu la tion  sy s tem  (develo p m en ta l ab n o rm alitie s; h e red ita ry  anom alies o f th e  c ir­
c u la tio n  system  an d  haem opoiesis).
X . D iseases of th e  g e n ito u rin a ry  sy s tem  (h e re d ita ry  ren a l diseases an d  d ev elopm en tal 
disorders).
X I .  T h e  lactiferous g lan d  (breed ing  hygiene  m easures fo r th e  p rev en tio n  of m a s tit is ;  aspects 
o f ju d g in g  th e  su ita b ility  o f th e  u d d e r  for m ach ine  m ilk ing ; re la tio n  of physiological 
p a ram e te rs  o f th e  u d d e r  to  m a s titis ; p red isp o sitio n  and  resistance  to  m a s tit is  in  cow 
fam ilies; hered o p a th o lo g y  of m ilk  p ro d u c tio n  in  species o th e r th a n  th e  bovine  species).
X I I .  T h e  organs o f m o tio n  (h e re d ita ry  anom alies o f th e  organs o f m o tio n ; pho k o m elia  and 
p e ro m elia ; acro teria sis  cong en ita ; p o ste rio r  p a ra ly s is ; crooked legs an d  o th e r  com plex 
cond itions; co ngen ita l sp lay leg  sy n d ro m e; th ic k  legs in  dom estic  an im a ls ; osteofibrosis 
a n d  osteoporosis; m y o to n ia  and  o th e r  m uscle diseases; anom alies of th e  ex tre m itie s  in 
p o u ltry ; the  m ain  m o to r  d is tu rb an ces  in  dogs; m u scu la r h y p e rtro p h y ; bone  w eakness 
sy n d ro m e; congen ita l su b lu x a tio n  o f th e  p a te lla ;  th e  spastic  sy n d ro m e ; in te rd ig ita l 
o verg row th  in  c a tt le ;  q u a lity  an d  anom alies o f th e  h o rn y  s tru c tu res).
X I I I .  R esistance  to  d iseases (genetica lly  d e te rm in ed  differences in re sis tan ce  to  infectious 
d isease; resistance  to  p a ra s ite s ; u tiliz a tio n  o f disease resistance  fo r th e  genetic  p rev en ­
tio n  of diseases; th e  ro le of v iruses in  heredopatho logy).
X IV . P rob lem s of m u ltifac to r ia l diseases an d  genetic  resistan ce  (a tro p h ic  rh in it is  in  sw ine; 
th e  heredopatho logy  of neop lastic  d iseases; bov ine  leucosis and leucosis in  o th e r  species)
X V . A pp en d ix  (record ing  of anom alies; a d m in is tra tiv e  an d  h e rdbook  m easures).
T h e  subchap ters a re  gen era lly  co m ple ted  b y  d e ta iled  references. T he w o rk  is com pleted  
b y  a u th o r  and  su b jec t in d ex .
T h is book u n d e r rev iew  m u st be reg ard ed  as a p ioneer u n d e rta k in g  in  th e  H u n g a rian  
l i te r a tu re  on livestock b reed in g  and  v e te r in a ry  science. H ám o ri’s w ork  c e r ta in ly  ex cites g reat 
in te re s t  and  gives rise to  d iscussions in  th e  specia l circles. T he expected  discussions can  by  all 
m ean s be  useful and  m a y  p ro m o te  a n  o rgan ized  p ro tec tio n  ag a in s t genetic  ab n o rm alitie s .
F o r  th e  a ttra c tiv e  m ak e-u p  of th e  book  th e  P ub lish ing  and  P rin tin g  H ouse  of th e  H u n ­
g a r ia n  A cadem y of Sciences deserves praise.
.1. D ohy
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NEWS
8th Congress o f the In ternational P ig Veterinary Society 1984
The 8 th  In te rn a tio n a l Congress o f th e  In te rn a tio n a l P ig V e te r in a ry  Society (I. P . V. S.) 
w ill be held  from  A ugust 2 7 -A u g u s t 31, 1984 on th e  U niversity  C am pus o f  th e  S ta te  U n iv e rsity  
o f G hent, Belgium .
The scientific  p rogram m e will la s t 3 d ay s an d  will cover th e  fo llow ing  topics:
—  Pig diseases an d  rep ro d u c tiv e  d isorders: aetiology, p a th o g en es is , clinical a spects, 
p a tho logy , im m unology , p re v en tio n  a n d  tre a tm e n t
— Pig n u tr it io n
—  Pig housing and  m an ag em en t
—  H e a lth  m ain ten an ce
—  M iscellaneous
The scientific  p ro g ram m e will be follow ed b y  v isits to  pig fa rm s .
In fo rm atio n  on th e  sc ien tific  p ro g ram m e, subm ission of p a p e rs  e tc . m ay  be o b ta in e d  
from  the organizing com m ittee . A ddress: F a c u lty  of V e te rin a ry  M edicine, C asinoplein 24, 
B-9000 G hent, Belgium .
9th World Congress o f  the W orld's Sm all A n im a l Veterinary A ssocia tion
The 9 th  W orld Congress of th e  W o rld ’s Sm all A nim al V e te rin a ry  A ssocia tion  (also 30 th  
A n n u a l Conference of th e  E x p e rt  G roup on “ Sm all A nim al D iseases”  o f DVG —  G erm an 
Speaking  G roup of W SAVA) is being  held  from  19th  to  22nd S e p tem b e r 1984 in H am b u rg , 
F ed era l R epublic  of G erm any.
A pplications fo r “ Free  P ap e rs”  should  be sen t as early  as possib le  to :  D r. H . O. Schm idtke, 
P re sid en t-E lec t W SAVA, H offstrasse  6, D-7500 K arlsru h e , Federal R ep u b lic  o f G erm any.
I t  is p lanned  to  have  these  papers p re sen ted  as fa r as possible d u rin g  th e  m ain  program  
w ith  sim ultaneous tran s la tio n  in to  G erm an, E ng lish , F rench  and  S p an ish .
5th Congress o f the International Society fo r  A n im a l Hygiene  ( f irs t an n o u n ce m e n t)
T he 5 th  Congress o f th e  In te rn a tio n a l Society  for A nim al H yg iene  will be held  from  10th 
to  13 th  Septem ber 1985 a t  th e  V e te rin a ry  School in  H an n o v er, F ed e ra l R ep u b lic  of G erm any.
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P R IN T E D  IN H U N G A R Y
A kadém iai K iadó és N yom da V álla la t, B u d a p es t
IN S T R U C T IO N S  TO A U T H O R S
M anuscrip ts a re  accep ted  on th e  basis  o f  sc ien tific  significance a n d  su ita b ility  for p u b li­
c a t io n  o n  th e  u n d e rs tan d in g  th a t  th ey  h a v e  n o t  been p u b lish ed , su b m itte d  o r accep ted  fo r p u b li­
c a tio n  elsew here. A ccep tan ce  depends o n  th e  op in ion  o f tw o  referees a n d  th e  decision  o f  th e  
E d ito r ia l  B oard . P a p e rs  accep ted  for p u b lic a tio n  are  su b je c t to  e d ito ria l rev is ion .
M A N U S C R IP T  S T Y L E
M anuscrip ts m u s t  be  in  E nglish  o r  H u n g a rian  a n d  c lea rly  an d  concisely  w ritte n . T h ey  
sh o u ld  b e  ty p ed  d o ub le  spaced  w ith  w ide  m arg ins. Tw o copies o f th e  m an u sc r ip t shou ld  be 
su b m itte d .
F O R M  O F  M A N U S C R IPT
T itle . The t i t le  sh o u ld  he a clear a n d  concise s ta te m e n t o f th e  c o n te n ts  in  n o t  m ore th a n  
14 w o rd s . A  sho rt ru n n in g  title  of n o t  m o re  th a n  40 le t te rs  shou ld  also be supplied . T h is is 
fo llow ed b y  th e  a u th o rs ’ in itia ls  (full f i r s t  n am e  of w om en) a n d  su rn am e, a n d  th e  nam e o f th e  
in s t i tu t io n  w here th e  w o rk  was done. T h e  m ailin g  add ress  o f th e  a u th o rs  m u s t also be in d ic a te d  
here.
A b stract. T h is sh o u ld  n o t exceed 200 w ords an d  sh o u ld  o u tlin e  b rie fly  th e  purpose  o f th e  
s tu d y  a n d  de ta il im p o r ta n t  find ings a n d  th e  a u th o rs ’ p rin c ip a l conclusions. R e d u n d a n t  ph rases, 
g e n e ra lly  know n in fo rm a tio n  and re p e tit io n  should  be av o ided .
In tro d u ctio n . T h is  p a r t  should s ta te  b rie fly  th e  n a tu re  an d  p u rpose  o f  th e  w ork  an d  c ite  
re c e n t  im p o r ta n t  w o rk  b y  o thers.
M aterials and m eth o d s. D escribe m ate ria ls , m e th o d s, a p p a ra tu s , ex p e rim e n ta l p ro ce ­
d u re  a n d  s ta tis tic a l m e th o d s  in  suffic ien t d e ta il  to  allow  o th e r  a u th o rs  to  re p ro d u ce  th e  re su lts . 
T h is p a r t  m ay  hav e  subhead ings.
R esu lts . T he ex p e rim e n ta l d a ta  sh o u ld  be p re sen ted  c learly  a n d  concisely. A void  re ­
p e a tin g  in fo rm a tio n  p re se n te d  in  tab les a n d  figures.
D iscussion sh o u ld  h e  focussed on  th e  in te rp re ta tio n  o f ex p erim en ta l f in d in g s . Do n o t 
re p e a t  l ite ra ry  d a ta  p re sen te d  in th e  In tro d u c tio n  or in fo rm a tio n  given in  R esu lts . R eferences 
sh o u ld  be  c ited  as follow s: e.g. . . .  as o b se rv ed  b y  F a ith  a n d  T ru m p  (1976); o r in  p a ren th eses : 
. . . w ere  fo und  (S ta rr  e t  a l., 1978; M anson a n d  S ta rr, 1979).
A cknow ledgem ent o f  g ran ts  a n d  tec h n ica l help.
R eferences. C ite o n ly  essentia l references. T hey sh o u ld  be a rran g ed  in  a lp h a b e tica l o rd e r 
o f th e  a u th o rs ’ su rn am es , w ith o u t serial nu m b ers . T he reference  lis t a t  th e  en d  of th e  p ap er 
sho u ld  con ta in
-  fo r  jo u rn a ls : n am es a n d  in itia ls  o f a ll a u th o rs , y e a r o f  p u b lica tio n  (in  p a ren th eses), colon, 
E n g lish  t itle  o f th e  p a p e r (if th e  o rig ina l t itle  is n o t E ng lish , in d ic a te  in  p a ren th eses , 
e .g . [in F ren ch ]), jo u rn a l title  a b b re v ia te d  accord ing  to  th e  sty le  u sed  in  In d e x  V eteri- 
n a r iu s , vo lum e n u m b e r, issue n u m b e r  in  p a ren th eses , f i r s t  and  la s t  pages.
— fo r hooks: n am es a n d  in itia ls  o f a u th o rs /e d ito rs , y e a r  (in  p a ren th eses), t it le , p u b lish er, 
p lace  of p u b lica tio n , page num ber.
T ables. T hey sh o u ld  be  ty p ed  on se p a ra te  shee ts a n d  have  a concise h ead ing  each . 
T ab les  a re  to  he n u m b ered  sequen tia lly  b y  R o m an  num bers.
F igu res. G o o d -q u a lity  glossy p r in ts  o f half-tone i llu s tra tio n s  an d  c lear line  d raw ings in  
In d ia n  in k  are  accep ted . T h e  num ber o f  th e  figu re , th e  a u th o r ’s nam e a n d  th e  to p  of th e  figu re  
sh o u ld  be  in d ica ted  l ig h tly  in  soft pencil o n  th e  back . T he figu res are to  be n u m b ere d  seq u en ­
tia lly  b y  A rab ic  nu m b ers . C aptions shou ld  be  prov ided  o n  a sep a ra te  shee t. A ll figu res should  
he re fe rre d  to  in  th e  t e x t  a n d  th e ir a p p ro x im a te  place in d ic a te d  on  th e  m arg in .
A bbreviations an d  sym bols. Q u an titie s  should he ex pressed  in  SI u n its . All a b b rev ia tio n s  
sh o u ld  b e  spelled o u t w h en  f i r s t  used in th e  te x t .  P lease id e n tify  u n u su a l sym bols in  th e  m arg in .
P ro o fs  and re p rin ts . Two sets o f p roofs will be  p ro v id ed , w hich  are  req u este d  to  be 
re tu rn e d  w ith in  48 h o u rs  o f  rece ip t to th e  E d ito r . A lte ra tio n s in  th e  te x t  a n d  especially  in  th e  
i llu s tra tio n s  are expensive  a n d  should be  av o ided . One h u n d re d  re p rin ts  o f each  p a p e r a re  sup» 
p lied free  o f charge. A d d itio n a l rep rin ts  c an  be o rdered  a t  co st p rice  a t  th e  tim e  th e  page proof 
is re tu rn e d .
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FRANCE
DAWSON-FRANCE S. А., В. P. 40, 91121 Palaiseau 
E U ROPÉ RIODIQUE S S. A., 31 Avenue de Ver­
sailles, 78170 La Celle St. C loud
O FFIC E  IN T ER N AT IO N A L DE D O C U M E N T A ­
T I O N  ET LIBRAIRIE, 48 rue Gay-Lussac 
75240 Paris Cedex 05
GERMAN DEM OCRATIC REPUBLIC 
H A U S  DER U N G A R IS C H E N  K U LT UR  
Karl  Liebknecht-Straße 9, D D R-102 Berlin 
DEUTSCHE POST ZE IT UN G SV E RT R IEB S AMT 
Sraße der Pariser K om m une  3-4, DDR-104 Berlin
GREAT BRITAIN
BLACKWELL’S P E R IO D IC A L S  DIVISION
Hythe Bridge Street, O xford 0 X 1  2ET
BUMPUS, HA LD A N E A N D  M AXWELL LTD.
Cowper Works, Olney, B ucks M K 46 4BN
CO L L E T ’S HOLDINGS LTD.,  Denington Estate
Wellingborough, Northants N N 8 2QT
WM. DAWSON AN D  SONS LTD., Cannon House
Folkstone, Kent CT 19 5ЕЕ
H. К. LEWIS AND СО., 136 Gower Street
London W C 1E6BS
GREECE
KOSTARAKIS B RO T H E R S IN T ERN AT IO N A L 
BOOKSELLERS, 2 Hippokra tous  Street, Athens-143
HOLLAND
M EU LE N HO FF-BRU NA  B.V., Beulingstraat 2, 
Amsterdam
MARTIN US N IJH O F F  B.V.
Lange Voorhout 9-11, Den Haag
SWETS SUBSCRIPTIO N SERVICE 
347b Heereweg, Lisse
INDIA
ALLIED PUBLISHING PRIVATE LTD., 13/14 
Asaf Ali Road, New Delhi 110001 
150 B-6 Mount Road, Madras 600002 
IN T E R N A T IO N A L  BOOK HOUSE PVT LTD 
Madame Cama Road, Bombay 400039 
THE STATE T R A D IN G  C O R P O R A T IO N  OF 
IN DIA  LTD., Books Import Division, Chandralok 
36 Janpath, New Delhi 110001
ITALY
INTERSCIENTIA , Via Mazzé 28, 10149 Torino 
LIBRERIA COM MISSIONAR IA SANSON1, Via 
Lamarmora  45, 50121 Firenze 
SANTO VANASIA, Via M. Macchi 58 
20124 Milano
D. E. A., Via Lima 28, 00198 Roma 
JAPAN
K IN O K U N IY A  BOOK-STORE CO. LTD.
17-7 Shinjuku 3 chôme, Shinjuku-ku, Tokyo 160-91 
M A R U ZE N  C O M P A N Y  LTD., Book Department, 
P.O. Box 5050 Tokyo International, Tokyo 100-31 
NAUKA LTD. IM P O R T  D E P A R T M E N T  
2-30-19 Minami Ikebukuro, Toshima-ku,  Tokyo 1/1
KOREA
CH U L PA N M U L , Phenjan 
NORWAY
T A N U M -TID SK RIFT-SEN T RA L EN  A S . ,  Karl 
Johansgatan 41-43, 1000 Oslo
POLAND
WÇGIERSKI IN STYTUT K U L T U R Y ,  Marszal-
kowska 80, 00-517 Warszawa
CKP I W, ul. Towarowa 28, 00-958 Warszawa
ROUMANIA 
D. E. P., Bucureçti
ILEXIM, Calea Grivitei 64-66, Bucaresti 
SOVIET UNION
SO JUZPECHAT -  IM PORT, Moscow  
and the post offices in each town 
M E Z H D U N A R O D N A Y A  KNIGA, Moscow G-200
SPAIN
DIAZ DE SANTOS, Lagasca 95, M adrid 6 
SWEDEN
ALMQV1ST A N D  WIKSELL, Gamla  Brogatnn 26 
101 20 Stockholm
GUM PERTS U N IV ERSITET SBOKHANDT L AB 
Box 346, 401 25 Göteborg 1
SW ITZERLAND
K A R G E R  LIBRI AG, Petersgraben 31, 4011 Bn>el 
USA
EBSCO SUBSCRIPTION SERVICES 
P.O. Box 1943, Birmingham, Alabama 35201 
F. W. F A X O N  COMPANY, INC.
15 Southwest Park, Westwood Mass. 02090 
THE M OORE-COTTRELL SUBSCRIPTION 
AGENCIES, North Cohocton, N. Y. 14868 
R EA D -M O RE PUBLICATIONS, INC.
140 Cedar Street, New York, N. Y. 10006 
STECHERT-M ACM ILLAN, INC.
7250 Westfield Avenue, Pennsauken N. J. 08110
YUGOSLAVIA
JUGOSLOVENSKA KNJIGA, Terazije 27, Beograd 
FORUM , Vojvode MiSida 1, 21000 Novi Sad
In d e x : 26.026
